r 
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(12) 



(A) (U)ffftF£II&!M»4 
^2001-77117 
(P2001-77117A) 

(43) 4MB H ¥£13* 3^23 3 (2001.3.23) 



'51)lnta 7 
HO 1 L 



21/3205 

21/304 

21/3063 

21/768 

29/78 



6 2 2 



F I 

HO 1 L 



21/88 

21/304 

21/306 

21/90 

29/78 



6 2 2 X 
L 

C 

3 0 IN 



5 F 0 3 3 

5 F 0 4 0 

5 F 0 4 3 

5 F 1 1 0 



«H* *lff£ il*«CO»48 OL (£22 H) *HH^«< 



(21) WS*^ 1MFF1 1 -253605 

.;22)USHB ¥£11*9 £ 7 3(1999.9.7) 



CDttHRA O00O02185 

X&&&n'Kit&)W 6 T@ 7 #35^ 
(72) «W* »± S 

^ci5a;i!K4ts»;ii6Tg7#35^ v: 
^:ipai!iK4t £ a;ff6T§7i&35^ y; 

f.74)ft31A 100094053 

#1± &ff «A 



(54) ^^Sfic^ffig^fe, SFMS**J:tfBM*tt 

.5f^fflSrft»T6TIWEBI&»j8't5ie ( PR4 ) 

Asta^iisssrSBt-RaiS-a-sxa (pp.5) 
S¥i§Utt£lS (PR 6) ^a^a-ften/-^ 
m&?hz.m (PR?) r^t^o 



X 



^PR1 



PR2 



&JW^Hi— <Z) 



,PR3 



- PR4 



-PR5 



PR6 



r i PR7 

i 

-PR8 



"j — PR9 



r 



PR12 
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CIS3K^i: 3 MR±{=3r*5i- t t:ie«k«ciE»S.Jfc:«-r 

■^tm±\z^m '. rM&mmiz m^m? « 
flic* ^?i-.r-_-— wj«e.wo a . imcfcs^i* 

>7.f i-ot± ^:ftfE.&.3R^:g£^Xt4 

t7±g; T (5S!:*ffi::J53?^2>imt . 

mcSMmmz-mt^izj: -> x * t ?t wic^jbsi . t -« 
soffici5¥!Sflsf i x*s > s-*-t**aw*aatf5i!ia 

ate 5 ^a.wa^B?as ± - 1 e*i l- . 

±a x imnAfi in i izmz&kmmmd&m 
jrl. mixm uz±mm^>a^w-t3-itirzmz. 
mz x -> t nie >< o + «* { «s e s tb-r « * x-ra^ 4 

II;. 

«5l=SB-*- 4 i "7 ffi2«U«^9f *t= «t o t 4 

a, 

-vr ?r sffi r t meswxA & km k l t . me as; 

Rfe «fc 4< 1 < 'J T*Ri i-fHSWXS > ^BBK«E* SIB 

L. 

llWaFJBIJISfrE^4^0R!IfC«.tW:KWB3* 

x . mi±m.z>&mzm!iL*tifzT-m*Mi3imiz 

filSiM^a^i'** S KATIMBR*>4>fia5 L £»|gftR 



=I?«a:I«x 5 c u fl ic±l^fc J: L""-- < 'J ^ 

5rt;? 'J y r:„ mMX&IZmz£^ ->x 
S z \zm-r^*%fc.&&fi&. 

tffi ,ctf L T * *l f fcSW - '- OS, ^HC- 6 ft^WSg 

it c 5 ■>zi£&n*m&&£e>mn£. 
imm o)mic*^^[)^mm£?zz.nx- 
■■£ . mi> < '.' -^.n h fiiesrsx* > t rfflcsjtrf5«a 

i5iei»tSX^k;')|S]CEP4Di-&1tffJ: 0 M£<,-f 

[»/>si 1 3 frieid»^«$-^fitf *xsfi. nod 

i t K flic 3 > f ? V ar— W&citgqi 2 

i . TaN.S-r^T i N^.v .-f^^Sr^uS it*if4 IZ 
CJI**1 4 3 WETIWBSB4. mfEARH'^S^K 

t« r ttif 4 ft ^ r ft »t 4 fflefs • o & 4 R 

s-ffie±««^*sa±n5ti«i- 4 m^ia 1 



? 3 ^ su 2 c o i - t 7 i : 7 : = 2 o o : - 7 7 : a; 



* l - ^"»s>R. is » : f - > 7 > ?> - 7" ! .J >• ?'3p] 
c. 

mi&m&n . 

rasr it ime«w»iK»4>mi£«)Wissrjit":mie 

«rK:I«*H t UlEBfSXJi b .-ffl(-JJfje«(4S:EPlirt 

[ff.*:f 2 2 ] ff£E<£<il(i. Sf£«JH*>/W.*#.a 
3S*{li-l-tl.ll^2 1 CEflWffSgil. 

frKri«*H»i ■ I5IEBWX AOflWfc ft b 

[ft*:S2 4 ] tfgTOStt. «TiS*»f»«3t«JvO«-f 
: - - s>iB-Jc3g> 3^ie«.--WSS 

1, 

[!3*;f 2 ? j *7§c* - yrsmt, mamma *r< 

i & -J *fW* 4 »■« 5 ri7 is 7 , f?£«S»A> i 
fft» 3 fl 5 Sf*3 fc J: V. •" i ft !i ftWHl 6 BfflBtt 



a. 

*§ * fcAWttSStttt: J: o 7 * ft' 9 

* 5 *«&Sttt~fflg? 5 4* 7' = ^ r ii I. t j|q 5 ft 

£13*-S2 L C!"«.r!SfiS«*. 

s] wriaa«BB-Ti»sijc«*BfaiA'<.inBif 
? 4 .c:»i -iw^rg : ■; izimz-mmuiWL. 

a. 

T . ClclCWmi^aa'-.t = tr s J: 7 t:|rac5fSXfi 
•jr* ■ 4> TSSs-r S WIS® r ¥T © SfiSXIlS: if -i . mm 

mmcmimmmzj: zwma > sa^L twwt^ 

mI£W«(- J: S«JWBf«i 15ieB?afII« J:MJKSf« 
3 ! cfEttngWBS. 

[18*113 3] SWtti-flf»XA/)W«ari:4KBte^ 

SH i i> «»sf Sis * if MEfff i i> ®m 
=M S rift jeAJPI * fc+ £ W^T; i£. 

ftttS*. KTEtMRRl-J: 5«»gf»ifrfEWBiBi3j: 



( 4 ) SB 2 9 ■! 1 - 7 / 117 ( P 2 TO 1 - 7 7 : fi4 



[If**3?J SJE«ffiS**ftctt. RtrSftlSl^o 

[if** 3 6 I ffiieiff«Zfi i WC*W«1t*^*ffi 
- coiHu: . p/f ,-N'a x«/itEr Ema L t me 

WX«r£*S*4It#*3 3lcE«Oi5M-ft£. 
[1***3 7 3 «aM«S:1jE«l|M[A^Sfl^(}S2 

3M9tf*^.*5izj$£irj!±i*gS-t % fTESSfffi? 

[It-Tc* 3 8 3 |y te«86«ff 5r1?JcW«Xfl i: h i £0 
t**iI3 7CEi^ffiE*A. 

-^t . mE*a^*»^w*^i«ff tM^^it* 

*3 7CE** T «f»*£. 

;t***4 o i miew«»;*i*i5W««fs*jEK:iiF 

[ff**4 1 ] «W»*ta«J(c»*Siife4JHlO«aB 

« c a a* wk*«srie r jsif * flsffl £ « timii 

»«ffic7)WBXft^»f«ffl r HffeAKKi: ^RKcatKa 

HrTE5FSXft h M2&WS !: ia(cBr^O«E*EpaP'tS 
XSr> 

MeH.^XSO^iSffibWE^SfSWS^O^JKJK> r 
EBfJ»xaoWlfiffiCitf LXSSth I tz{h«t±^niR» 

r S?E SMS CI i « ^E^We f^fflCiotB^LT ME 
sSIrmt s XSi r5tMgS ( i. 
[11*134 2 ] BEW«ffi>15ieAKIRi:OBlC1irE < a 

E5F S ffi & i L K 'iH EKB BEE ic J: 5 f ^M^ffiS trio 
7:Mcm^Kr^fW(:^^'t-sIf**4 ldcfio 

[1***4 3 3 ffETISSRii, UEft«*c:'«BBrB 
ft$-r^RfLM^^t-l>lS* I 54 l (cEfiowS^a. 
[f***4 4 3 SJETIMBfl«±. HJE±«ISr«*-f5 



[If** 4 5 3 BTE^WBWi. mE£l*J: 0 t . n 

^£.<it>m- , »«w?»ti*'atv.it^S4 i:c 

[ft** 4 if J S^Wr ifjEi:l^.-SS(C;iiSi^ 

[f***4 7 ; B?E*ss't - meaexii i^s^s 

^£rt-^ ?fS ~ :t r r ¥?f -f £ ft * * 

4 6c:E©.^rS^£. 

[ft** 4 .si frEwat : i;i-sr^^^?f.aB*a5ri.ctt 

S£^***4 2 £EtT«5f 
[0)ul! 

[*^si-r*£&rfrifj ^^ii. tyi ?. ;f. 

[ 0 0 C 2 3 

jiO^OKkSgil^ieJtfffir LTTyL^-^A (a I ) 

*^tc. Eiatt^Sr^^-^-i, (AM ^^o5l (C :j ) 
CKt ^. /^E« 7 4 a -t: ^ ^ffl^^'^A, i,Zrrr>fL-Z v ^ , C 

if^iiA. CMPtCheaicaJ Mechanical Polishing: it 
?Mt"4. fli/V (damascene) iii'zi^S^ST"^ 

^SC: i -9 h 4 £ , X^r fiS^fLT' S 4 i v ^ ?5a 

;7 7 s ^ - , I- i it h L T SRi + . EtS i: 3 > ■? V rr* - :V 
r^(:-S«TS^Or^^/L ^-ri, > - dual camasc 
ene) ffi-rii . ? o t2*«^EHXScr.Bi|«^ ^fig > ^ 

[ o o o 3 3 iE^^-^/i rv;. t> 
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• : ia:-SfL».^ot-S«a*».»3 0 2r. 

jSJ±C V" C 1 ( Chemical Vapour Dep'-si tion) J; 9 

T^i-cft^wii'; -in.- * ** f r-.u3 0 3o^:< 

.' - ?-:-^*i&*S*j£*tiZ'*t?> :4 r ^.Vf - 'j 
/ - <■ ■■/-; •'fS-tirSviT^Ri- 

I, -7 E3 4^p-T i : --.J^SS? : 3 r l 
f^ie^Wj 0 2 7:f^ : ;j:v-r.. : 7 7 3 0 3 
;* - 0 4^;:*;^?. I'-'-.-^a? r: > i 

1 S ?t f WlEiSKSI 3 0 2 * ;: 5 ^ r Sih^ 4 
^■iclSl-oft*. ?fi:. Eat*-": j^TSWttBI 

- , RitM'--}Clftl*ft.^7:S 7 . RftSii^i * : 

[ ; ■:■ 0 4 ; 3 3 -.c, 3 

C;L:, >- KC u.S3 0 0 r ^jorxv; - *££J: 

3. * h-r-/l-30 3oJ:LOS304£C:iT^3i 
t^:.;. 0.-jK3 0 7rrt'5t-ro. CuSS3 0 7(i, 
^'r/.ii, CVDS. -,r 

0 j i^ V^C u H 3 0 7 J: 1< > 1 'J -^K 3 0 5$- C 
M?ii2j:<^L. -"Frl-fir*-©. ltllzX->X. IS 

Lr:7 4 n+:^rl£.ll3 J SXT^^Lfi 5 Zb (-Z X 

0, ?iii^r?«t^:>^7H. 

[0005] 

ujg3 0 7 < BJ:L 0 < , JrK3 0 5rCMP£C: 
i-T^^Xg^Vvc, l!BW6l*lR302tCu 
M 3 0 7 j: f/ > ; \. *rm 3 C 3 > 7>»Stttt*»*5: i - 

£ L .7: . t < v*: /(i, 03Stc^1-j:-3(:. 

UT. 0. 1 Sum/L-zl^ff •1-MZb\,>~* t: 

C I \i . 1 0 C u m X ? *tB^E v >E« 3 0 3 ** 

1 XT Li sRftt^i *i . iv T :r «• ...i -ri-at^ 
<bE& 3 0 8<. r :&mtitt*L-rzt:*>. E*H£*ttfTft 

v >, ic-; 2 . {i. I33 > Ct^J; : ic. ^hiii, 
3 0 3 0 a m^glC 1 . C ^ m- r * r -Ea3t* 5 0 



. IB!****! 3 0 2 : |£Sg 3 0 5 r ^TSE^ 3 j 
8 t: '■ Kl^: fS,f-^ ^ . 1 r.vbis 

9. 3 0 ? r : m P i o-^t t- zSTti : u ^ 
3 :« 7 ttZ^'-Oi ^ ? j 3 SrS3$&t(:P^-i;--l-« ^5/;^ 

> i:f . 5 j :i m '' m i n .11 > 7: o t : r rl 

7"'. i t » I -^Wisl — ^ tW- \ fz^. '.Z^i 1 ^? z. — \ , * -rr -r 
^ ^Z.-l73 ^77? ^ -r ^ ^7^. 0 :cXIr:.t r-^.s 

C34 1 :z.fs-tt ii:. EI8ftii:-T:?^ --?-s 

S 7 7c & r « • Tf'Js^^TPii 0 7: , 
[ 0 0 0 6 ] * 5£E^i . .if £ 7c ^Hc -7 ^ 3 71,7: 

[ 0 0 0 7] 

lASCftft#Fafc . *Sf**t»ftS^»LWS^HHE 
Sffi h UKPSIA^gfaffl r r pff Stern Tfi 

[ooos] ^^o^s^a, a»?«.tr*n 

Oftfif* 9 ffi E If L ^ 7 ; o ig (jrt- 5 z r 
ft S 1t2:# o «tt S ^ T Tffl: fcStB-r ^ gf g gjf - ^ ^ 
*L. IIS^Bffi^f«idawa.^*ftra?RSBiCiitt 
4 > IffldWBffi^ J: s> fliffSSfBr r St' L^t 



( 6 ) SH 2 0 0 1 



-77117 (P20 0 1 -7 7 1-4 



gfsa hiatal^ : > iitsss:ttfij<;:$jssri 
a. g?iesfeiRr4^> : s?E»ffiettm*«5r 

IZ iff E r -I T i^ri t flLMiS r I Hl£t?f 
SX3: , STEEDS i—'ZmtiZ+tt^vfifc 
¥-$,z&~. *?E«I)l*Jt 

fr I .^g*i»fl-r= Tim?? r¥xt| ( Il: . 01514 
/ cRSX^ogfiSE i fiiei- *9S i -Vit 

sis > fse i ■skc?^ . r '«.i* ^n-r s x*s 

£ : T WEi SK r ^a-ftf 6 X^ r 1T+ 6 - 

s xs h . m5Mmm<n r a o * c . jae 

lft«B!±t;*iia5r*»c*4XS i . 15E*»SLlI: 
lift L, ^2T«»w^*ffl(c eSIIS * RStOHW&C* i»if -5 

c: ± o -r * i: m&*w&#mnwih s- § x 
Hi 

* ftttffffSi: sates*** 

CrA^Fffl ffcS ^ . *Bf fflC i ^ ^ Xffi 



: :£ v> -i i :irj $ ? fit: ^ ■ , 

[ o 3 : 4 3 

'f^A3?H ( 31:^1-^^11:^ 5a;:/. 
• "'3 1 ; , 6 1 h 9r «SI 1 r ^j^^ 

"1:. «*f?5t^^l8 1 :r:i::,-^ LJ 
t':L^'. o\ fiyf.Bi8!llii. ^ , j-/'L-i, 1 ' + ii:gl? 

^4 1 r «rffli $ . . 3fflSX*a5*S 1 i 
B^rax*HI^#So-**flii:JtJEG L T is n . 

SO-Ai*e!Kc*f«J L T is 0 , Z ttfljr t *v>fi|H 

a 3 1 ii^m^mi^^^-^mz^ l 

[0016] Z 3 1 ii, 0^1 tr'-n 

1 <S izmtit S R^: ^-/U* v'IS 1 s a (tZ^-f o^i'm 
tSWtfL-tltzZmx? i y 1 6 r . Zm^y -i 9 \ 6 r 

z Wttph g ffi : sft-j- i as l ^ n a vc IS z 
3fir:.^f HI, -/L l 7> r^rf£, 
[0017] Z$^-^~ i 8(a. Z$tH--t:^- 

t*S7ltEIiSffi»STi«>. *-A-t.;ll8i(i. Zll 

fUCj:o, Z»{iBi*^«t|^3 li;, Zli^-r.'^~ 
;7 l Si?BWtcJ:oT, SSX££mfll l(c«^?;i 

fcSfoxft 3 Sr zw^m^ffsc^fiiif ^^BiaB^rr 



[ I 0 1 3 3 X«*H»«fll4 ^x'^Yr-?— 
g * x m ^- 7'H 4 2: 7 x ' v-r- ^" ; l42r 3 

™?4 4 r^SSI-i r -^[IJIni* h r^1"^- "Oi S 
«SSI4 5;:Li»to^nnz. , ^'4 7 R? 
ft^-*4 4«f/«?*Sl4 5 MfttlSr^XlS^- 
' 7" 4 >' _ 3-^L : ;-. «3£.;:S£*ft:^Xtt^-tf* 

T^>'fEfe4 3 a - Xffc7.f f :*"4 3(Ci!.S5ixK-/L 
;-f±4 ? a .13 it & 1- ~ : W.m%*tl^m%tt4 9 

15-Tr3vCj:--:^x ' , -Vri5f-f anZ-*>'4 7£. 
SSito/iTi'-i. »- 7 -u:i f-^i'^^f^ 
ir:-lgt!?^;nrSJa^ 7'7 i'vr- - v '.a-4 2 m 

*4 9ii. XHTt-rn'^-.-M 9i2ff«^7L^XttK? 
f ' \ 5 4 r> o 5 71 1 ffittHXiC j;< SfESSiB L . 
Xtt^^-f 7'4 S:;^-'l .T >ii4 9 a ^ £ r ^jf^fr 
4 5bSr-r>LT>:«l^-f3l^lEJ!rt£. I ^ i: * , Xfr* 
- * * - ; 7 4 9 izm&-* i W £ *J ffFf & £ > C i 

or. '"x-.' x-r— 4 2ox«S"moiajtM»^ 

[ 0 0 2 0 ] □ 2 (i , WSZflftfMB i 1 ^rtS»ffl<fl 
-: :?Irjr-1-3T?»o. fflSZ£fi3« 1 1(1 SfigX^ 
3 . IrFSZ-^r 3 r{£r^£ 7 y ;•■ ^#4 b, 7 7 
y'Stt4r[H]i:gS:^t&R^Il 2,1:, 
Si 2t;^^u:i»i 2 a<b}£&SftM££Wil 2 

a r 316 13L 1 3±lC 

[0021] 1 3(i. ^fcitf, 7V U 7 h 

Kr-r U7 h K7-f r^e- 

111 2 aU^c/lTV^,. *«^c-7 1 3(i* 

^SSll 4 0fXh:a - F 1 4 bfrft \ 
cruoSiiTL^^LTV^, 3d ±«K 

[00 22] ^gl: 2ix, T:bllz\ 
7 r^>17/i . 2:')^' ^'-j ; '77^13 1 2 a 

'LIS:2i -w :-^S611 4<r-e^h; n- - H' 1 4 b*-*i7. 

[0 0 2 3] -^^;^ : ^tt4ii. aaftm^yffiSii 
T&O, ffi«SS!l 1 2^'ifil 2ai2il^^fl. JEMIZ 
BBC»4aS:«.i, T*DB 4 b KSMZJl ?^Til#Srt. 



f 7 ) SB 2 J 0 1 - 7 7 1 1 7 f P 2 0 0 1 - 7 7 1 §4 

T v 5 . rr/ 4 r.i^I 4 : IffltiRftSil 1 2 
iz%??ziir:£*$i 2a;;Iia^ri':oC, -Ml 2a 

ff4:*«±J*54 :ii tt*^-;^ 1 3^^7^^H 
2 ^Tatil-itt o^-#St47>J«^rr 2 8 c:2.^f: 

^ J3^'^ 2 c :|94L to 0 "=7 ^ 2 * r T 

[ J j 2 4 ] I- ' . U;;. \ 3 . T )^ 

— ^ ±: c xlT" ;5 0 . £ n S ; • 1 4 a r n €1 7 7 o 
-J\h. \ 4 a,'i ^ ^ .1 /.^l: 47] 

-ift^^r: sSj^'T,: ± r.x^A 1^;7ajo^ --f 
j-^K-pjj ;:?Qfi?ri 5, , lOt'Ah-i-ia;:^. c* 

7 r . -O —'14 b?*?^lT^0 . h.— , K 

: 4 tii. ^i^-^ 1 ?&*:^?s-ssi ::ip jr 

-i- 7 . r ^i-^35n4f r 'HGS4 a^o^iU!7^ 
^ . ?Z h : 'C • K l 4 b C0rx3«(l.i rffrian 2 1 

2 7)??E§^t2 lii^k'c ••:<: 
4 0 iz n i^mr^s- ^■sw^T^mrm^z 

::iei5hr:iet*^2 2r^D2 2 ar^^-^goj 
I* rC^To'i . L .:'7 h;o , k l 4 bO^lA 2~n\a\ 

flW2 0s ; J*Ac/l. t77h;-n> - Kl 4btcttL"T@ 

jgsri-r^o. j*«2 0ii.. ^mtmw^jwsn 

7: ^ 0 , ±SWii v ;^^Kl4^t^sh 1 4 a r 

■f > M 5 g- T Wl^T^ 0 , f7s h ; n - K 

1 4 bfc il-WESSff 2 1 JML XWSHK 2 3 iTl* 

[ 0 0 26 ] ji«*2 Oii. *C*<:*afL* i ?PB6$/i 
T 0 . I nijltL^it^WSfJ ( 7s 7U-) ^J; L K 'S 
WiS* ^ x — ■ vW±tc^^ o «» X;l- ^ 

00 ^r:. as«6 2 0ii. d-^ »j M 5 : . 
«ffi« 2 3 fc S«Sr*C: 

[0 0 27] J*« 2 0 ^±SSKCtC«tacil7tc-^ ! J 
i'vJyb 1 «WSS6 1 >77-7 Sh ^ (: 

2 O^HteLt ta«tt2 cv,OI3t{tftto, 
-no. lSt52 0(3:[£3feL , 7 < jC:-r 7, ./^5^. h 1 ? 

[ 0 C 2 S ] atM2 0O^(:gg^U:SM2 

1 i 0 £ iSTf/iflt? tit: ^. «> , 2 3 
±5H* ; *«f?2 2CC^$iiT^ '0 > «SR2 3 

^■^J5S«ilfi»(S2 2^^LTio0 > Tffiffl(-{i^ : 7 
--•S(l24^'^?rlTv^ 9 
[0 0 2 9 ] 227\ S3 ( a ) {i1ts^2 3 r-^j) 

-m^-tTm^zh 0.03(b) u«aiR2 3 > . 



3 ' S 2 0 0 1 - 7 7 I 17 { P : o ; - 7 7 1 



lMfSSi":-fSriBaT3>5, 03 (a) ± i 
4^ Q3 ■ ■ tlrti 3t5RI 3 7)G£J 

5S2 3 a.^i: JS«2-: ^■■^s-3 s s I v[c*?fx-:^ 

J, 2 7> i 0 I'** 5? :t: 1:1. 1 I TV*.-: 3 

R :5r. ii 5*4 2 J . -^77 »n 2 4 J: 

."f J-^.tl^*?:^'JSfe2 

4 ;\hiMS£'*;-:.~ 7 J; v * . £ 
^ . 7. 7 -7 7 2 4 & i :<ii3fa 2 0 / x/: 2 

-sttw:>r.t-:-:v^>, 4^ 3S«2 3. j«it2 

{ 0 0 3 n ] 3^T~ffi:Ba»57i^7. ? 7 7 S 

Tt24ij. IMo^^^J-JPWL, 2-aorx 

wctf (Si-i-^ x ^vvcrgtt L-T^x — ■ r 

^Lrnm^O^'ffi. x 

[00 3 1] &&^2 2ia, tzczJS. 

2 6 C Jt o "7 ftftSX 1 2 £7)i«i 1 2 a 
H3i*s*riTt ^a^tt2 6ii, Jft»«2 2 0£*M> 

1151 2^±ttl 2 a^Lt^ftg?ri:^r^T^ 
£. 1.7*:^. 3e»«2 2iii«»l 2aw^ttl?!S!(c»»!i 

[00 3 2] *«S2 2r^l: 2^1*1 2a,: 
ttLT U W»«2 2i:=«l 2 a: r» 

33tt2 5 to: ttci o N ; j;-^js 

Si -4 iliiX^r^Lt f7 h: -D ■ • h 1 4 b rr: 
EXA2^*ic^K*-*£ b . }*E£»t2 1 ^tr^tt 
2 5 w'i tSTC^ i* ^ T tE 2 2rT^t:ffLTtf . 
Ifl> i<j £J* 7 7 2 Ah TZk? h . 2 S)*mfr 



^^Sfi 1 2 3 ~ -iTtt v2 i - T . T*ff ^ 2 2 L . 

: : 1 1 > t . - 7 7 2 4 h _z%-t 1 s 

[ JC 3 3 ] 5?aZA3<i. . ; Bft4 7^.7)T 

^S4 b^if ciiTi"^. 1 -^213;;. ^ f- 

^7^ '^ 9 Ssll: 3ii 2SS^r^"_"7io 0 , S^L 

ri'^7t:;-7-/i ; pva. ^yrm^h 
2: i ZiLKfrVvfttiL-t-Z 2 > , 3 

W*tt ^^>>"3STt4iCif??S}?$n. 7 
- ; • > 'Wit* 4 1; jSSrr ^ i4«r" 7 s. 2 7 ^ s ^ 
^ . o - ^ 1 3 to X -JftfiHl I 2 Of) 

Hc:iS^-,iir:if«^^l^rt2Sii. ««S;f6 1 
^tM ^7.^ r «m3'j;c^$^ . Aissm 2 3 t;R(* 
^H^7i 2 :;j:?7: :"'«tt4^Jt2Sffi4 ct: 

: 2 3 , il^^7> 2 7 J:^ 7 7 ; ■> gfl 4 

[ }Q 3 4 J EfSXIUfi. iii7 34,2^^^7 

4^, Rf^SWl L 2a^ i-y-aViT) 

^.SiC^f ITftf^iS 3 a^Mf.-f r feJ^C^ L7l ^, 

f+*»SSSSTSI ■: r^lil 2 a^tSt'j^*^$rO< 
oas-twi I^J: 7 (2, «feXA3^«Ott 

3: ^ x - n W^)iic W L T i»/J ^S7'iS*f L r ^ , ^ - 

2 i2ct f ) . ?t©XS 3 OgffiH 3 a $:^.^SnXE77 F 
C-Vx-^WtCff Lttit^lRtC, 5ff8M3 aiO^x-^ 
wc^^^W^SpI^S^124(2.t^J: 7t2. ft 

sx^3^^^tzf^^a:a^|fg«h^ 5, 2:^) 

. ^ x - ' xW*-HFSXA 3 izn 2 T XWT? fttZ^R 
c^MTerff^C, 35 ( a) ^HS^^a? 
lb) cfH»i"S!BL ?BaWiffffl*i*S^B^Hi«— 

3 riPfgffl 3 a^>— S r S^rSOtC ^ xWri^®(:f^ 
^5?+r7^ i-/\woii r^i-c5F,fgf o . 

: - s 1 5 > a« 7 7 2-12 > ^■B»iF.'rS^!*Er S3tn-J" 
2i^t2tEEr£n?:i-^C> ^J;-T. ?3rfflXS3 > 

5r<. »4L<«i. «ixr-^lIWi:-/^,z^(c£71-r 
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<$.fl-T5, -fflk LTii, ffit<J9E#D : 1 5-2 V\ ft 
^t^'2-3A, ''/^^i, 2. 5, 10. 

S-J: £ -~ r < *'l-*k" ^*£L*%J? 

;:o*: HL^rt^t.^zi i v-t^a^k" ±% 

"7 r I IS v 4RH1- £ T -5 i ^ .oitti-r i fc^icwa 
T*i. irz. ±?Miz± : T^rtra^JtlKWKi > 

oii7^o ^-:*l^:*iS«»f 6 ]sr3; ^7 

v %W^.«aa*g* I 3 k 2 3 > .T-ffio 

r~ * J y « I £*JUftfiiaiI-t 6 3 s r ; h - 7 5 5 

[0 0 3 7] x-?y-ft^57 lii. X7'J-r J:f£ 
^jltttt 2 0 X'U 2 0 a lZffi&-fi> a * 7 'J - 

:L7fl £WK^ffl*fSk LT. £.k;itf. SSKft* 

<.-:•,?) 6 *.S«CCKfL^^^-^^ (7;^t) . 
•J^A, Kfty^7-^A*Srgf*lEeh IT 

[0 0 38] Sfi<Sft^a8 Hi, «##ELrJGX 

K«c VSI L-fciS'K k S£STA£ . I^>«wa k 

§ L *• fSfflt- 6 -r h #T S £ • 

[00 39] rli, WgSll^*r 

tt»t"4Hm*?TU ftiWJCJi, ^teFrf/C? it: 

iWWL . Z?SK7 -f o 2>:??lT£J$Jff^5 2 s ^ 

-^■F? fM5 SCSfLTMWflW? 3 s rii 4 ] L7 
* - -.' W^EES* *J» L , XMi K fM . • * 5 4 L, 
TM«HI#5 4 sr^L7, ^x-^W^xm^O 



[0040] trz. 3:««ffl6 1 

/)t±^J«ii:\ ffl**^-: i^/M.7;7tg^r 

;If2f-6 2 sfc'iVSJlKia^S 3 s - Jrsn 
- : ^-^5=;; Ir-o'S.fLSil-f 2 so j: 

s^o^;,n^f3^v-;H^ i; o ,;: . ^o«I 
^6 2 s £ 7 r — K ■• .^ff t ^2!^-r>- ^ 
1 L * * . 6 2 s xr : {iS^J£:t*I 

i ''7. i?*rciri¥x?-±5Jt:-c;S=fa4ltI ; ^.|J^r 

[0041] 3;-S2--55 iC:g3HE5il^ =? ; h n- 
;^? + ;L 5 6*i, -t-*v. — ?^S.")t- ■? ^ 

n>US. ^ - ^ ; - 2 ^ X aflff -f 6 2 so J: 

[0 04 2 ] iicL-^finSSB : ^PSISi^ 
Sr ^ x - ' W ^ 3 ¥■ fSL c ti r:± 83? r Sf g ^. ^ r 

if s 1 b & q ' t'JH? c fL 7 v ^ £ tw'M^IS 

^•^^ ^ L . 5 ri2f(jL"7P^O 

7^1 4 5SX«iSmi2^l5LT, 77>^'ffl4tcn0tt 

^$^r. ^®iM3r 5 /f^afcS7--[Hl^^^>& 0 

z^3rEfe?tt^2 . r^^ ->a4tcjijttsn^wi* 

5 2 2 . 2 3 o' J: 1^ 7 r»« 2 4 t 

ft 2 K b'Xh; n / H14b, t^h; 14 a, IS 
$»2 0i>|o|^i33;e-ri e 

[004 3] 2--0«S?^o. A7'J~f^I7l^J: 
t>"a»»tt»*a S 1 A» ^ r ri-F ri, s 7'J-S L o i L c 
®^^E L *-oMUE»2 0F*]Ofit»^ r /L-2 0 a (C*^ 

SirT^exft 3 OSfSa 3 a r ^ j:-/ »W ^aSiciS 
fir ^t, e /f$^/;:22E+j71«E$^5o i^, 

6 I r^fe^-rT, ifi«r-i- 2 7 5rii':-r5T«XA3 
(CT ^ r r f;:0C L , V f, >; 3 4 : ' h 1 5 £ 
3L-7^ 7 7 Vgsft2 4c:7 , 7X^ilIffl^Ep^"f a # 

[0 04 4] >■ ; ^Si 4i:*Exr^iS 

» L T . C3 1 s.^A 2 n?Tftlz tTs h ; n K 1 4 b 
rTiH. ■^7 7 7'a;rt2 4 0TS*- r >x-'NVV^ 



[ j 0 4 5 ] SJfSKSliC^.-tfltfa 

^^s^r Ftiy:^ o , a^na^PKfio 

^r3"T2V< 3S.'~3~- r ^I )L ^ ~>&^!?T£ £ , 3 

Sr^&l^MT::. ^x- '^i.:^ 3*tf:3»<4 
ELr^'-T Sri SWT =■ 2 i .z± 035 r 

L "7 Jt I . 3f*XP- 3b^x-' n'.v.:^? zir:** 
SMT,:. ^ x - ■ *T±i2#*b- ? r.':5.^5 £ i- r i'r L 

ft 2 4 i.T:-f5j:Cii. • ■-• t C^ix" L T V • 5 • co 
■,2 . 3 3 c.-^-r i t: . -JS**tM T r SffSIfi 3 02?KB 
'S3 a i ORS:c. i*'-T ■•* ,, > w^tLT^S. 37-: 

4 *'S®S2 3^ '-r.^z'r^ELX^ltr. 
£ftR0ii^t'2r* ' . L^VoT. ~^-^#2 

i^a'^T h r v * * 7 -^sft : 4 1*.-. *i*«4 r i> l t 

[ : 0 4 6 ] ^ " ^ 2 4 A^flJfSXfl 

2 2 SffflX a 3 :i^n £ i ; i . HKvS E L o 
Sag L "2 S*awa S L * r il o T BfBXfl 3 tcSxi 5, 

[0047] sme L*^jgfitR 1 

r LT OX n =? -r&tt 24: Beffi ■: L T^»SfaX£ 3 h 

^JSdr. ■•' T 7 ' c- bib' J: l<^r * - r 5 w X 0 i> 
i2+* LT£> >' I .x"7\ E L+cofitSR i 

L TtFnSXH 3 K3Hi i i < 
fcO. 2 A*** <■!•-> «#«SO(i~A.c(i 

*5. S*. 2i07:*5(i. -r^b^J:^ 
^ - y r o wo* * 5 (2 i -> T 5: • o W . ±^5 L 

2 s^o-:*^ii^W*5S. ^r-o, i 2 
^-^>t:pJ:^t-, Saifl^-6 2sr7^SV\ . 



0 ' "200 1 -77 1 1 7 ? 2 2 : 1 - 7 7 1 ?4 

I "J 0 4 S ] I;liL. r »i 5 ii, xJ-Z^— wg^a 1 ii. 

1 ;± 2 ^^^cn^tSlgClini T . m^z^r 3 i5 i L i: n 
^ ;-s 1.. o;M^- r .o m Pai')iL?S!lf=<BfS»i|g 
t ffl '? . ^i- / 5- - f: ^. £ Btgfe J: 

T^.^nXr'T? 2 z ^ . ^fdm^WSSSl 

\ - h < n h BfSXft 3 O ^ x - ' n w 

[004 9] KIT, *Wt»»CCflR IBfSai 1 O®^ 
[ 0 0 5 0 ] 09 *^0^*^SIlOK^^i£0 

i .ili. > 'J 3 ;-'BMfcM ( S i 0 : i A-fe-2r5«HI«Mft 
R 1 0 2 £ , > ti£ % RJcMt L77E0S (tetraet 
hy i orthos i 1 i cat e) r ^ V «T v *£iE 0 V D ( Chen i ca 1 Vapo 
ur Deposition) £tC J: OJFKTi . i.^l -T*. 31 1 12^ 

-r<t 5t2, ^iwo^jtwajsci': r > 

S<* 1 c 4 r . f: c .i£i\ i^r> - t h > ■/ " ^ ^ ,• r5 

ffill0 4OS?«±, rj>^if, S 0 0 
[ 0 0 5 1 ] ;tv»f. 31 Ztcrf-t-j: iz, /OJr^l 

1 0 3. mmmi 0 4rt^n, 2o/oj-r«3 
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0 5ii. Ta, T i TaN\ T i N3f*^*f 

D.Ph>sicil -if-t Deposition; 0, .\I > £ . 

1 5 r..-n35flE-aiTr«-rS. A D 5a. 8c 

±'? ?. r:^ ;-: ^ 7 . llffl«*H 1 J 2 i .0^*4 r 

- PR 1 TIS*, 
[0 ? 2 3 .r-T. 2: ? J::-::. /<<j^gsi 

2 ' . i-HSl O-iii. iSrEI*ffl4fcJ::, c nv;*-* 

r^i^'A"*"*. .-iC. G3 1 -1 :*=-J" J: 

* 0 3 fcJil'BfcSJI 1 0 4 SriftfteOi n 

;i. , \ ,1> Sl l -:i.:^^;^ISl0 7r, ^ 

:'7ij, jfiL m-^-i^c^ 

TSfcJL-rt *fc, i — 0oti±Ul 0 
7 'n-ttftf 5 ■■ ^-t.^PR 3 ) . 
: 0 0 5 3 3 1 1 T. 1 5 !i-±.»R 1 0 7 £./ s >J -jig 

ffiOffi+Erc*.*. 01 5t:^t i 07 
^fOBiCii, ^> ^-'H 0 3fc«tl<e«B§ilI 
0A'-*ZM#>2&f*tzyy{z. tz'z^JS. 6 00nmglS 

ti. .iisaasti o 2±tci?q£T **#5t*iwi o 7 

-t^tlTtiloT, HI 6£irfJ: ?t:. ±JBS»10 7^) 
RSilTIMEStl OSrJE^f & i.rn«PR4) . 
■IOTWDW: OSJi. 0 7S:fllKt4A« 

[ C 3 5 4 ] TfcBBt 1 0 S^#j£3r£f±. fch/.tf. 
1 0 7r;^sc^fL^r^L-Tfe^^^S-r 
1 0 7 r«rt1"5&*,-:-i3^*%*tcii. Kffc; 
ffl ( : u <:•■ ) c^TRER 10 3: . 2 r:. 
i LT . femst 1 0 7rii(;. ^: : t if. 

r v^4*Sr^-« L-T TIMER 1 0 S > -f S I fc L «Trt 



Tw^uSvi^SSi-.^TIftSS 1 7- 5 r 3£*F*kz'% 

- ^ L .**^iue-$- & SfBIlR 3 ^ i :< 
r 2 4 r Z tt^r-t]t:7'B r^-T^r— ^W;;^fi2 

2 ^ ( ? T . 7 r - Ax \V r X 1?"^ iZ 5 Jj / " 
^-^'TWWcltTPf-ajnirr 5rf^Z^3 

3 r^s^2 3 r^-raiica.i/ wL'-^^^nn^g , -t* 

i> . ..-^ j - s l.v;-^ : ^ i r^<Z<ZlZft ( & 

Bfcftia-r-ft 5 . □ 1 T tcrr.-r £ ? ;z . - •> * y&tf 2 

4 f+i5T1i . 2 3 cri,t815 2 3 b X v 
•J - S L J: E L frffifc ? rif , 

fc iL f «»;l$E Ltix ;^ 7 7»tf 2 4 SiliS L7T ^ 7 

^'^w 2 4 c&mw h * jl -/ \\\ m ±i,z ?zu, ±m 
mi oinzKAiti^Timm 1 o s«s. m«E l 

1 0 7 Sr»si-rofflo;-5ffi(iW*i c-n^^tc^^, - 
fttzih* ±MMl 0 7 izlzHSltfl* c /,:iSW > j-.is 

Ti^, 02 *^Sif?SS^^«-^W«r--t:^ 
ccfcv »TS;T L ff 6 2-r-^-^-L ^:tSlO-WrT;t 
*y7TZ>Z. 02 5tc,TT«nEttc*|^(S!Ittat*± 

1 0 7&{h&±j-jTimm 1 0 sfr^mmniztfi 

5?^tv>':. -^r, E31 SfCin^i 5^gx^3 

S^PTr^am^ffi^J: -^-TAaK ; 0 Stcff 

[ 0 0 5 8 ] ^Oi^tCLT. ?t:c^if. Hi 
J: 5 &MM1 0 7Sj£^±( Z %:fc*tirzT-mm i 
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; ■:- o ? 9 ] jssk i o 7^K5(c»£ar © > . est* 

* -;. ±a» i o 7 .-■B3S7j-*«ffl&gtiiSi-f ^ ( 

* ? F: 5 ) , 2 i: ?- ^ ! «»>5E L :t fESii . 313 

&1M 1 1-7 -rl^ii &»Rl 0 7rmSTBIf-"3: 
' ■: j + > LTflMWE l+»::S 
±r«. :r-::i':"7 ±aan o 7 +i:;±-? 

r- :^7^t.^lfe- li, [Jl Tllrp- 

^i^:. ±S£i D7*.as^< : ttwSELS:il^': 

[ 0 0 6 0 ] ±. ; ± L rz X ' il . ±SM 1 0 7 r t&tfi-t I 

T;M«^i "vO . S3 i L ~7 ^ tJK« 1 0 7 2 !$3 - - 

.frlti** ^;*>. ^2L7.^KgX|L3 

■::tf-.T. LT^iJWl 0 7ODDfltc.i 
SSEHO* i. i.«S! 1 0 7 0£iS^C-^T-L« v >§&V^ 

Tffiic^iff-s, 325(C^^T, PIT 

#Lte f :^£, I^J^-teffllc^T. ~S8S107 

[00 61] ±E^ffl«cJ: . &iHK 1 0 7<ttfl« 

^71^4*111 0 7^*mii. fzcxJi. 02 DCS 
ti -5 C. &.ISI 1 0 7^Qn«Tft-o^«Hrtc»»+S 
1 0 S > 1 0 7 ^G^'^SSri/L^O 

[00 62] «wr, E32 1 iC-TrtJ: -3 £. lOifeStH 
1 0 7 OUSCffifgXJl 3 # i tf* 7'J-SL +C)«f • 
ge?7i:J:0 -fffrti £ Aft WP£* h E L tz i £ 

?R7'.:^*, *^4T«!D« 1 0 3tfA«W 
«4J»i±j£v*:J: ~> izm<r>%\±mz]fcKX&i ^z^ . T 
«SM 1 0 S^«M^g?r^ 2 * . 

^i^-^?ri";S# = -r-i-S^ 1 J 7 S: tfiE^4 18^*35 
Tf (sfiT: i * £ . I?t'-^ic. SifJt6 2T : 2~: 7 - 
LtliTiii. 3 2 :CiiutP 1 ^{JS^oii^L^'S 

^SSS^'iSAi t- 5 P - •Z^t^^Br-Mt i 4 . 
::^7^W.^:i:^, &UR1 0 7O*B^tU 



it. ^ : L^(:^-.-br^: .7 h cru:^I7:r 

c : 7 :ci^ L 1 1 - 7 " - y -DifiifS . FSaawsffi r 
/ • : "'^ic- a . : 

r.-7 L i . W«^^)^a*^5tLKi£i^^ 

[ j 6 4 ] ±IS'.^-s*3! 1 0 7 - 1&^&£rS&'<7 

.? . ^r-6 2/ [3 

2 - r. P 2 7 "Tit -±.BJR 1 0 7 ±^..T«!&R 1 0 S X'-t 

- ~&£;c2i*z&AZ Ogr^-lr 1 • 1 . Q2 5^. F 37' 
yf-rtj ; 'J r Jt l j ^ ■S;ij-f £, 5 T-BS— r - 
i . ^ 'J 1 J- ? "y&±r? It. rzt rjf ,Ta,T 

TaN. TiNfr^r«SLr:^i.:L\ 

■J 1 "? r ^Sa^WJ^i P 3Z'fr^£±>^& 
It 6 ^T^-^-L^aiSSKHfiTLii^S. 2-:^ 
S7ii, i-XWl 0 7^T^^il^§t^^ 

SSI 1 O^fe^r^-^^-i) . 
[0 0 6 5] '"C . » 'J rjj| l 0 5 SrVte-tl ( 7*n 
x P R 9 ; . 2 C -J t% 1 0 5 r^*f x 

SU-:-^SFv^^U-SLTti^:<, Ta, T a N . 
T i . T i N^W*'o^?ilf;.'^JrBtl 0 5 (2 

ntTBfasu— . i-aai C7' < :ttt7:^®u 

- S rifiv • 7> 7'J-SL rt^i" 5 . % , y * J r 
Hi 0 5 2 xXM 1 0 7 ^5Jt« U - h o JSFvit^'T S 4 

[0 0 6 6 ] roil, T-'C-^'J iiC^^^r'^ -y 

WIEiBo 1 Ott^«Er±iV.»r^-t^J; o t,/]^ < L 

T/^'.'^&l - "^ipT^^r^T 3 o eP^xft3 
^ T 't)3XE.7J^JiI50^n^,7 i g 

2 . >■;•) ^ i ■:■ ^r#ir i> 2.1^^ 1 

0 2--'^M(cS£^^ ::v^. ■] \ 

^o^7\ _LH. ri SuSlt6 i;,^t l o^.- ^: 
ft ,1 7 . ±ia^fiJSff 6 3-.:.io7 v^7 r».ft 2 4 2 

[ 0 0 6 7 ] a'JTKI 0 ? rF^S^>D 2. C32 3(2^ 
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'.PiO'. 1IE«*H1 0 2t^&-th> 32 3C 

* 7 2 4 £i I J^SSIStSji. lia%**R I 
*t!r t- ?■ i : i - 7 ~ - >" - ^^£fa:'l; LtiU 
; ; ;■ o s ] ii- ±.sr i 3 7 * > y ; 

- /.£:S/'r5.-S*Wao^-f2: r »t3 . i~7:r ^ TftB 

: 2 T . 7. r '^Sr'0«i?iI.«/»*^^-' 
2 '^iWtzfcBB 1 0 7 :n^3^li,S£^?ri 
at? ; ^^i:L^^i::;, BfSIR3: 7 *7 J 
-sl;:; i^an^ffl^i^^v^^^^jt^icS 

[ ; 0 6 9 ] :2c72 :I*f^'l:*»«Bfa-:-ii, 
^10: o >" :/±«R 1 7 .MEBfe&R 1 j 2 
-r =,Ef*i/- rfiFwtSrT* *tf-H;5 << 2 , W^- 

hirr->2 2 LT.1B»6«II1 0 2^iif^-rS« 
It r 51* L i 7 2 2Tv . 1 r*£zf> . **R 1 0 7 ^ 
: •^iiait^ii^^fll«> ir-T. ■ £7:. 

iES - *" S - ' ^* - ; TR 1 0 5 £ J: tf£ 
»R 1 0 7^Pfe£^H-^Tti*i *&ift±-*"S. ICO 
^jO , .-' > ^10 5^j: t*A»R 1 0 7 SvBHSfcfiSR 
1 0 2 02i3t2^L^^^ 

-jL^Si^o. r^.-t-'N-^'; oic^x 

SSWB"T«± . * z. \\\v,'E rtttj— ft r 6 W$M$k L 
T^tttf. -lfS!*e«)Kl 0 2._bC^SA<J7>j8|l 0 5. 

±«R i o 7 s>j%&&bHzi&mmtw < 

oiSatiJM¥±-*-&. ,1 IfaifeSRl 0 2<7vt& 

[0 0 7 0] ±ie^i 7 (2 IT, 7:2 Ta, Ta 
N.Ti.Ti Sm^ttm^B^P.rz'^) TM 1 0 

V ■^i:;.Jf « ^ , /. ^-2' 2 > ^3L*rKU 

jKS+Wf. ^'I'^Si 0 7;:it* ;-C^ 

,;4 r • T^— ^'h^fz 2 27lf^ / 



^ftS^^a?^^-^0.XC> -S^, :: FfS{L2r: 

C o o 7 : ; smte L^S^jfi 

^T^o - ^=?^7 ?R:i'„ :: ^-75:i;l 
SiSSil^'I r K»t 2 '7 RSSS 1 ^ tDZrj-^ r *± 

13 L r : ^ S .N-yST. SffflJl-ft 3r7: -/ .'-v^ABic 
a-.iif. L 0 j^mgXir;I^r^fA2 
2T. «*3&1ffS;j;?TJb-r. 

[ 2 0 7 2] <ft -72 Bd*8 1 0 9 ti^i^D l 9 nil 
i&S: 0 9^io^y: 7 :^ h 1 1 C;i7t'f&rrir:?£, H 

r i < ^ £ /2^C XC#« l ^ tz*> , IH^ 1 ^> h 

^%9^f(:^l/2^:^ IT OAK 
K 1 0 7 5*H<7)*Btc«;2't'S I 2 (i^: < . 0 

2 3(C^L^j: 5tC. Sffit 27^l§3 0^Sl: 

^ x -./ NW^ii: qj^c t f ft tC^HE L "7 u © -r >f 

^^#£t; y :2^7^o, i^;. 5?f««ePT*WC 
flL^^'J-SLr «S 2 i^nc ^ a]^i:^^T 

^ErJIS^C. -^f-- 7;L-r^i 

-T£^*A»*4* ; , *3?JBt:ffi-:-(i. f^gS!2?7 
rX^a^irTol , ?o;7 7 , 2 .< i 
/^li^^'ciis), ^rd. 5f«S^2LT. »ft7;U 
$-^7A m-st) ri^J2 LX&+'Tzi\ Wc^z')^ 
A. 2 >J ^7, KfL^^ v-^A^2rftffl2 tzfy&ICL 

[0 0 7 3 ] tLbOi 7 *3l3fcJg!Btc^5¥3l*SS 
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0 SSrV- 7 i LT*ffi:;:SEL*:£aRl 0 7 

*25fS 7 ft^StfSWg." *f £ L £tD»*^5f J:o7 
5 n ^ . dtfoc. V P icit^T li 5 :H:i;^^ 

^ 3 703X.I;^ r g ■■; li^E - 1 1 +7T SrSJT^- ~ r ^# 
on 0 7^ ..M',<-.'r^:^ b i> t 

1 0 7 r5f^ti^^7'5 . rf-y ^'J v > • j.^*^ 

[ o 0 7 5 ] ir: . *«il»!B(c(*5***aaiJ:»l!El 
?t&z£titf, MMS^S^i^oti 

[ 0 0 7 6 J Jul L^m^ST'ii. 4«KOW»inX 

= --7 A. a¥wT»»^i?DA*EIKB*rn-t^(C3l^ 
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Abstract 
Objective 

To provide a polishing method, polishing device, and semiconductor device 
manufacturing method, which can prevent dishing and erosion during a planarization process 
carried out by polishing a metal film used for forming the wiring of a semiconductor device with 
a multi-layer wiring structure. 

Means to solve 

The method has a step for forming a passive film on the surface of a metal film to hinder 
electrolytic reaction of the metal (PR4), a step in which the passive film on projections existing 
on the surface of the metal film due to burying of wiring grooves is selectively removed by 
means of mechanical polishing to expose projections of the metal film on the surface (PR5), a 
step in which the exposed projections of the metal film are removed by means of electrolytic 
polishing to planarize the bumps and dips formed on the surface of the metal film due to burying 
of wiring grooves (PR6), and a step in which the metal film existing on the insulating film (of the 
planarized metal surface film) is removed by means of composite electrolytic polishing that 
combines electrolytic polishing and mechanical polishing to form the aforementioned wiring 
(PR7). 



mj*JiV=2 — PR3 



~" i ' 



^<:WBtg>|tt:fe ] — PR? 
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Key: PR1 Form grooves and contact holes on an insulating film 

PR2 Form barrier film 

PR3 Bury metal in the grooves and contact holes 

PR4 Form passive film on the metal surface 

PR5 Selectively remove projections of the passive film by means of mechanical 
polishing 

PR6 Selectively elute metal projections 

PR7 Composite electrolytic polishing of the metal 

PR8 Expose the barrier film 

PR9 Remove the barrier film 

PR 10 Expose the insulating film 

PR 1 1 Complete formation of the wiring 

PR12 Flashing 



Claims 

1 . A semiconductor device manufacturing method having a step in which wring grooves 
used for forming wiring are formed on an insulating film formed on a substrate, 

a step in which a metal film is deposited on the aforementioned insulating film to bury 
the aforementioned wiring grooves, 

a step in which a passive film for hindering electrolytic reaction of the metal film is 
formed on the surface of the metal film deposited on the aforementioned insulating film, 
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a step in which the passive film on projections existing on the surface of the 
aforementioned metal film due to burying of the aforementioned wiring grooves is selectively 
removed by means of mechanical polishing to expose projections of the metal on the surface, and 

a step in which the exposed projections of the aforementioned metal film are removed by 
means of electrolytic polishing to planarize bumps and dips formed on the surface of the 
aforementioned metal film due to burying of the aforementioned wiring grooves. 

2. The semiconductor device manufacturing method described in Claim 1 characterized 
by having a further step in which excess metal film existing on the insulating film of the 
planarized metal film is removed by means of composite electrolytic polishing that combines 
electrolvtic polishing and mechanical polishing to form the aforementioned wiring. 

3. The semiconductor device manufacturing method described in Claim 2 characterized 
by the fact that said composite electrolytic polishing combines electrolytic polishing and 
chemical polishing. 

4. The semiconductor device manufacturing method described in Claim 2 characterized 
by the following facts: after the aforementioned wiring grooves are formed, a barrier film made 
of an electroconductive material for preventing diffusion of the aforementioned metal film into 
the aforementioned insulating film is formed to cover the aforementioned insulating film and the 
aforementioned grooves; after projections of the aforementioned exposed metal film are 
planarized, excess metal film on the aforementioned insulating film is removed by means of said 
composite electrolytic polishing until the barrier film is exposed at the surface; 

the barrier film existing on the aforementioned insulating film is removed by means of 
said composite electrolytic polishing until the aforementioned insulating film is exposed at the 
surface. 

5. The semiconductor device manufacturing method described in Claim 4 characterized 
by the following facts: an electrolyte is placed between the polishing surface of an 
electroconductive polishing tool and the aforementioned passive film; with the aforementioned 
metal film and barrier film used as anode and with the aforementioned polishing tool used as 
cathode, a voltage is applied between the aforementioned metal film, barrier film and the 
aforementioned polishing tool; 

the aforementioned polishing tool is moved with respect to the surface of the passive film 
to selectively remove the passive film formed on projections of the aforementioned metal film; 

the projections of the metal film exposed from the selectively rempved passive film are 
eluted under the electrolytic effect of the aforementioned electrolyte. 

6. The semiconductor device manufacturing method described in Claim 5 characterized 
by the following facts: the electrode part used for applying the voltage to the aforementioned 



polishing tool is brought into contact with the aforementioned metal film and barrier film or in 
vicinity thereof to conduct electricity to the aforementioned metal film and bamer film 
the current flowing from the aforementioned electrode part to the aforementioned polishing tool 
via the aforementioned metal film and barrier film is monitored; and the polishing progress of 
the aforementioned metal film and barrier film can be controlled based on the magnitude of 
conventional current. 

7. The semiconductor device manufacturing method described in Claim 5 characterized 
by the following facts: the electrode part used for applying the voltage to the aforementioned 
pohshins tool is brought into contact with the aforementioned metal film and barrier film or in 
the vicinity thereof to conduct electricity to the aforementioned metal film and barrier film; 

the electrical resistance occurring between the aforementioned electrode part and the 
aforementioned polishing tool is monitored; and the polishing progress of the aforementioned 
metal film and barrier film can be controlled based on the magnitude of the aforementioned 
electrical resistance. 

8. The semiconductor device manufacturing method described in Claim 5 characterized 
by the fact that a chemical polishing agent containing abrasive particles is placed between the 
polishing surface of the aforementioned polishing tool and the aforementioned passive film to 
selectively remove the aforementioned passive film. ■ 

9. The semiconductor device manufacturing method described in Claim 5 characterized 
by the fact that chemical polishing agents that show different polishing rates with respect to the 
materials of the aforementioned metal film and barrier film, respectively, are used to remove the 
aforementioned excess metal film and barrier film. 

10. The semiconductor device manufacturing method described in Claim 5 characterized 
by the fact that in the step for removing the aforementioned excess barrier film, the voltage 
applied between the aforementioned barrier film and the aforementioned polishing tool is less 
than the voltage applied between the aforementioned metal film and the aforementioned 
polishing tool in the step for removing the aforementioned excess metal film. 

11. The semiconductor device manufacturing method described in Claim 2 characterized 
by the fact that the step for forming the aforementioned wiring grooves has a step in which 
contact holes used for connecting the impurity diffusion layer or wiring formed below the 
aforementioned insulating film to the wiring formed on the insulating film are formed together 
with the aforementioned wiring grooves, and 

metal is also buried in the aforementioned contact holes as well as in the aforementioned 
wiring grooves in the step for burying metal in the aforementioned wiring grooves. 

12. The semiconductor device manufacturing method described in Claim 1 1 
characterized by the fact that copper is used to form the aforementioned wiring, and that the 
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copper ls buried in the aforementioned wiring grooves and contact holes with an electroplating 
method. 

13. The semiconductor device manufacturing method described in Claim 4 characterized 
by the fact that the material of the aforementioned barrier film is Ta, Ti. TaN, or TiN. 

14. The semiconductor device manufacturing method described in Claim 1 characterized 
by the fact that the aforementioned passive film is an oxide film formed by oxidizing the surface 
of the aforementioned metal film. 

15. The semiconductor device manufacturing method described in Claim 14 
characterized by the fact that an oxidizing agent is supplied onto the surface of the 
aforementioned metal film to form the aforementioned oxide film. 

16. The semiconductor device manufacturing method described in Claim 1 characterized 
bv the fact that the aforementioned passive film is a film made of a material that can hinder the 
electrolytic reaction of the metal that constitutes the aforementioned metal film, and that the 
passive film is formed on the surface of the aforementioned metal film. 

17. The semiconductor device manufacturing method described in Claim 16 
characterized by the fact that the aforementioned passive film is a water-repellant film, an oil 
film, an antioxidant film, a film made of a surfactant, a film made of a chelating agent, or a film 
made of a silane coupling agent formed on the surface of the aforementioned metal film. 

18. The semiconductor device manufacturing method described in Claim 1 characterized 
by the fact that the aforementioned passive/ilm has higher electrical resistance and lower 
mechanical strength than the aforementioned metal film. 

19. A polishing device having an electroconductive polishing tool with a polishing 

surface, 

a polishing tool rotating and support means that supports the aforementioned polishing 
tool and rotates it about a prescribed axis of rotation, 

a rotating and support means that supports an object to be polished and rotates it about a 
prescribed axis of rotation, 

a positioning means that moves the aforementioned polishing tool to a target position t 
opposite the aforementioned object to be polished, 

a relative moving means that moves the polishing surface of the aforementioned 
polishing object relative to the polishing surface of the aforementioned polishing tool along a 
prescribed plane, 

an electrolyte supply means that supplies an electrolyte onto the polishing surface of the 
aforementioned object to be polished, and 

an electrolytic current supply means that, with the polishing surface of the 
aforementioned object to be polished used as the anode and with the aforementioned polishing 
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tool used as the cathode, supplies electrolytic current from the aforementioned polishing surface 
to the aforementioned polishing tool via the aforementioned electrolyte. 

20. The polishing device described in Claim 19 further characterized by a polishing agent 
supply means that supplies a chemical polishing agent containing abrasive panicles to the 
polishms surface of the aforementioned object to be polished. 

21. The polishing device described in Claim 1 [sic; 19] characterized by the fact that the 
aforementioned electrolytic current supply means has an electricity conducting means, which is 
arranged in such a way that it can contact or approach the polishing surface of the 
aforementioned object to be polished to conduct electricity to the polishing surface with the 
polishins surface of the object to be polished used as an anode, and 

a DC power supply that applies a prescribed voltage between the aforementioned 
electricity conducting means and the aforementioned polishing tool. 

22. The polishing device described in Claim 21 characterized by the fact that the 
aforementioned DC power supply outputs a pulsed voltage with a prescribed period. 

23. The polishing device described in Claim 21 characterized by the following facts: the 
aforementioned polishing tool has a wheel-shaped electroconductive part, an annular end surface 
of which forms the polishing surface; 

the electricity conducting means is set away from the polishing tool on its inner side and 
is supported by the aforementioned rotating and support means; the electricity conducting means 
also has an electroconductive electrode plate that rotates together with the aforementioned 
polishing tool. 

24. The polishing device described in Claim 23 characterized by the fact that the 
aforementioned electrode plate is equipped with a scrubbing part having a surface that scrubs the 
polishing surface on the side opposite the polishing surface of the aforementioned object to be 
polished. 

25. The polishing device described in Claim 24 characterized by the following facts: the 
aforementioned scrubbing part is made of a material that can absorb the aforementioned 
electrolyte and the chemical polishing agent containing abrasive particles and allow them to 
penetrate; where the electrolyte and/or chemical polishing agent supplied from the 
aforementioned electrode plate side is supplied to the polishing surface of the object to be 
polished. 

26. The polishing device described in Claim 21 characterized by the fact that the 
aforementioned polishing tool is supported by an electroconductive part that is connected to the 
aforementioned rotating and support means, and electricity is passed to the polishing tool via a 
conductive brush that makes contact with the aforementioned rotating electroconductive part. 
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27. The polishing device described in Claim 23 characterized by the fact that the 
aforementioned electrode part is made of a noble metal compared with the electrolyzed metal 
formed on the polishing surface of the aforementioned object to be polished. 

23. The polishing device described in Claim 19 further characterized by a current 
detecting means for detecting the magnitude of the electrolytic current flowing between the 
polishing surface of the aforementioned object to be polished and the aforementioned polishing 
tool. 

29. The polishing device described in Claim 23 characterized by a resistance detecting 
means for detecting the electrical resistance between the aforementioned electrode part and the 
aforementioned polishing tool via the polishing surface of the aforementioned object to be 
polished. 

30. The polishing device described in Claim 29 characterized by further having a control 
means that controls the opposite positions of the aforementioned polishing tool and object to be 
polished based on the detected signal of the aforementioned current detecting means so that the 
magnitude of the aforementioned electrolytic current is kept constant. 

3 1. A polishing device characterized by the following facts: the polishing device has a 
polishing tool having a polishing surface that rotates while in contact with the entire surface of 
the object to be polished; the polishing device rotates the aforementioned object to be polished 
while bringing it into contact with the aforementioned polishing surface to planarize the surface 
of the object to be polished; 

the polishing device has an electrolyte supply means that supplies an electrolyte to the 
aforementioned polishing surface; 

the polishing device is equipped on the aforementioned polishing surface with an anode 
electrode and a cathode electrode that can conduct electricity to the surface of the 
aforementioned object to be polished, the surface of the aforementioned object to be polished is 
planarized by means of composite electrolytic polishing that combines electrolytic polishing 
carried out with the aforementioned electrolyte and mechanical polishing carried out with the 
aforementioned polishing surface. 

32. The polishing device described in Claim 3 1 characterized by the fact that the 
polishing device also has a polishing agent supply means that supplies a chemical polishing 
agent containing abrasive particles to the aforementioned polishing surface, and 

the surface of the aforementioned object to be polished is planarized by means of 
composite electrolytic polishing that combines electrolytic polishing carried out with the 
aforementioned electrolyte and chemical mechanical polishing carried out with the 
aforementioned polishing surface and polishing agent. 
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33. A polishing method characterized by the following facts: the polishing surface of an 
electroconductive polishing tool is pressed against the surface of an object to be polished, which 
has a metal film formed at least on the surface or on an inner layer, with an electrolyte between 
them; 

the aforementioned polishing tool is used as a cathode and the surface of the 
aforementioned object to be polished is used as an anode to supply an electrolytic current that 
flows from the surface of the aforementioned object to be polished to the aforementioned 
polishing tool via the aforementioned electrolyte; 

the aforementioned polishing tool is moved relative to the object to be polished are given 
relative movement along a prescribed plane while in mutual rotation; 

the metal film formed on the aforementioned object to be polished is planarized by means 
of composite electrolytic polishing that combines electrolytic polishing carried out with the 
aforementioned electrolyte and mechanical polishing carried out with the aforementioned 
polishing surface. 

34. The polishing method described in Claim 33 characterized by the fact that besides the 
aforementioned electrolyte, there is a chemical polishing agent containing abrasive particles 
between the aforementioned polishing surface and the surface of the aforementioned object to be 
polished, and the metal film formed on the aforementioned object to be polished is planarized by 
means of composite electrolytic polishing that combines electrolytic polishing carried out with 
the aforementioned electrolyte and chemical mechanical polishing carried out with the 
aforementioned polishing surface and polishing agent. 

35. The polishing method described in Claim 33 characterized by the following facts: 
multiple films made of different materials are laminated on the aforementioned object to be 
polished; 

the electrolytic current that flows from the surface of the object to be polished to the 
polishing tool via the aforementioned electrolyte and that varies as a function of the difference 
between the electrical characteristics of the material of each of the aforementioned films is 
monitored; and the polishing progress is controlled based on the magnitude of the electrolytic 
current. 

36. The polishing method described in Claim 33 characterized by the fact that a pulsed 
voltage with a prescribed period is applied between the aforementioned polishing tool and the 
surface of the aforementioned object to be polished to supply the aforementioned electrolytic 
current. 

37. The polishing method described in Claim 33 characterized by the fact that an 
electrode part is brought into contact with the surface of the aforementioned object to be polished 
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to which the aforementioned electrolyte has been supplied or in the vicinity thereof in order to 
conduct electricity to the surface of the aforementioned object to be polished. 

38. The polishing method described in Claim 37 characterized by the fact that the 
aforementioned electrode part conducts electricity to the metal film formed on the 
aforementioned object to be polished while it is rotated together with the aforementioned 
polishine tool and moved with respect to the aforementioned object to be polished. 

39. The polishing method described in Claim 37 characterized by the fact that the 
polishine progress of the aforementioned object to be polished is controlled based on the 
magnitude of the electrical resistance between the aforementioned electrode part via the surface 
of the aforementioned object to be polished and the aforementioned polishing tool. 

40. The polishing method described in Claim 34 characterized by the fact that the 
abrasive particles contained in the aforementioned polishing agent are positively charged. 

41 . A polishing method having a step in which a passive film used for hindering the 
electrolytic .reaction of a metal film formed on an object to be polished is formed on the surface 
of the metal film, 

a step in which the polishing surface of an electroconductive polishing tool and the metal 
film are pressed against each other with an electrolyte between the polishing surface and the 
metal film, and a prescribed voltage is applied between the aforementioned polishing tool and 
the aforementioned metal film, 

a step in which the polishing surface of the aforementioned polishing tool and the metal 
film of the aforementioned object to be polished are moved relatively along a prescribed plane, 
and the passive film on projections of the metal film that protrude toward the polishing surface of 
the polishing tool are selectively removed by the electrolytic macliining of the aforementioned 
polishing tool, and 

a step in which the projections of the metal film exposed on the surface after the 
aforementioned passive film is removed are removed under the electrolytic polishing effect of 
the aforementioned electrolyte to planarize the aforementioned metal film. 

42. The polishing method described in Claim 41 characterized by the fact that besides the 
aforementioned electrolyte, there is also a chemical polishing agent containing abrasive particles 
between the aforementioned polishing surface and the aforementioned metal film, and the 
aforementioned passive film is selectively removed by the chemical electrolytic machining 
carried out with the aforementioned polishing surface and abrasive particles. 

43. The polishing method described in Claim 41 characterized by the fact that the 
aforementioned passive film is an oxide film formed by oxidizing the surface of the 
aforementioned metal film. 
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44. The polishing method described in Claim 41 characterized by the fact that the 
aforementioned passive film is a film made of a material that can hinder the electrolytic reaction 
of the metal that constitutes the aforementioned metal film, and the passive film is formed on the 
surface of the aforementioned metal film. 

45. The polishing method described in Claim 41 characterized by the fact that the 
aforementioned passive film has higher electrical resistance and lower mechanical strength than 
the aforementioned metal film. 

46. The polishing method described in Claim 41 characterized by the fact that an 
electrode part is brought into contact with the surface of the aforementioned metal film or in the 
vicinity thereof in order to conduct electricity to the aforementioned metal film. 

47. The polishing method described in Claim 46 characterized by the fact that the 
polishing progress is controlled based on the magnitude of the electrical resistance between the 
aforementioned electrode part and the aforementioned polishing tool. 

48. The polishing method described in Claim 42 characterized by the fact that the 
abrasive particles contained in the aforementioned polishing agent are positively charged. 

Detailed explanation of the invention 
[0001] 

Technical field of the invention 

The present invention pertains to a^type of polishing device and a polishing method for 
planarization of embossed surfaces that accompany multi-layered wiring structures of 
semiconductor devices, as well: as a manufacturing method for semiconductor devices with 
multi-layered wiring structure. 

[0002] 
Prior art 

Efforts to increase integration density and miniaturization of semiconductor devices have 
resulted in reductions in wiring size and pitch and the development of multi-layered wiring 
structures. As a result, multi-layered wiring technology has become more important in the 
fabrication of semiconductor devices. On the other hand, the use of aluminum (Al) as the wiring 
material for semiconductor devices of the prior art having multi-layer wiring structures has been 
problematic. The recent design rule of 0.25 Ehi or smaller to suppress signal propagation delays 
has prompted extensive studies on the use of copper (Cu) in place of aluminum (Al) as the 
wiring material. When Cu is used as the wiring material, it is possible to realize both low 
electrical resistance and high resistance to electromigration, which is advantageous. For example, 
in the process using Cu wiring, the metal is buried in a groove-like wiring pattern previously 
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formed on an interlayer insulating film, and by means of CMP (Chemical Mechanical Polishing), 
the excess metal film is removed to form the wiring. This method, which is known as the 
damascene method, is a powerful wiring processing method. Because this damascene method 
does not require etching of the wiring, and the interlayer insulating film applied thereon is self- 
planarizing, the operation is simple. This [simplicity] is a characteristic feature of this method. In 
addition, there is the dual damascene method, in which in addition to wiring on the interlayer 
insulating film, contact holes are also formed as grooves, wiring and contact holes are buried 
with metal at the same time. This method can further simplify the wiring operation significantly. 

[0003] 

In the following, an example of the wiring formation process using said dual damascene 
method will be explained with reference to Figures 32-37. Also, the case when Cu is used as the 
wiring material will also be explained. First, as shown in Figure 32, for example, on substrate 
(301 ) made of silicon or another semiconductor material having impurity diffusion regions (not 
shown in the figure) formed on it appropriately, interlayer insulating film (302) made of e.g., 
silicon oxide film, is formed using, e.g., reduced-pressure CVD (Chemical Vapor Deposition). 
Then, as shown in Figure 33, grooves (304) where wiring is formed with a prescribed pattern is 
formed and electrically connected to contact holes (303), which pass through impurity diffusion 
regions of substrate (301), and impurity diffusion regions of substrate (301 ) by means of the 
conventional photolithographic technology and etching technology. Then, as shown in Figure 34, 
barrier film (305) is formed on the surface of interlayer insulating film (302) and inside contact 
holes (303 ) and grooves (304). This barrier film (305 ) is formed from Ta, Ti, TaN, TiN, or 
another material using conventional sputtering techniques. Barrier film (305) is formed to 
prevent the material that forms the wiring from diffusing into interlayer insulating film ( 302). In 
particular, when Cu is used as the wiring material and silicon oxide film is used as interlayer 
insulating film (302), because Cu has a high diffusion coefficient into silicon oxide film and 
tends toward oxidation, measures should be taken to prevent problems from taking place. 

[0004] 

Then, as shown in Figure 35, seed Cu film (306) is formed with a prescribed film 
thickness on barrier film (305) by means of the conventional sputtering method. Then, as shown 
in Figure 36, Cu film (307) is formed such that contact holes (303 ) and grooves (304) are filled 
with Cu. For example, Cu film (307) may be formed using a plating method, CVD method, 
sputtering method, or the like. Then, as shown in Figure 37, interlayer insulating film (302) is 
planarized by removing excess Cu film (307) and barrier film (305) using the CMP method. In 
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rhis way. wiring (308) and contact [holes] (309) are formed. By repeating the aforementioned 
process on wiring (308), it is possible to obtain a multi-layered wiring structure. 

[0005] 

Problems to be solved by the invention 

However, the use of the dual damascene method to form the aforementioned 
multi-layered wiring is also problematic. In the step of removal of excess Cu film (307) and 
barrier film (305 ) using CMP method, the difference in the removal rates of interlayer insulating 
film (302), Cu film (307), and barrier film (305) easily produces dishing, erosion (thinning), 
recesses, etc., which is undesirable. As shown in Figure 38. dishing refers to the formation of a 
hollow in the central wiring portion due to excess removal of wiring when there exists wiring 
(308) with widths as large as, e.g., about 100 rhi with respect to a design rule of about 0.18-Em. 
When said dishing takes place, the cross-sectional area of wiring (308) becomes insufficient, so 
that problems take place with the wiring resistance, etc. Dishing is likely to occur when copper, 
aluminum, or another soft material is used as the wiring matenal. As shown in Figure 39, erosion 
refers to the phenomenon of excess removal of the portion with a higher partem density where 
wiring with a width of, e.g., 1 .0 On is formed at a density of 50% in a range of about 3000 Em. 
When erosion takes place, the cross-sectional area of the wiring becomes insufficient, so that 
problems occur with the wiring resistance, etc. As shown in Figure 40, recesses refers to the 
phenomenon of the formation of steps as vyiring (308) becomes lower at the boundary between 
interlayer insulating film (302) and wiring (308). Here, too, because the cross-sectional area of 
the wiring is insufficient, problems take place with the wiring resistance, etc. In addition, in the 
step of removal of excess Cu film (307) and barrier film (305) using CMP, it is necessary to 
remove Cu film (307) and barrier film (305) with great efficiency, and the polishing rate, that is, 
the amount removed per unit time, should be higher than, e.g., 500 rmVmin. In order to realize 
this polishing rate, the pressure applied to the wafer must be increased. However, as the 
processing pressure is increased, as shown in Figure 41, the wiring surface is prone to scratches 
SC and chemical damage CD. In particular, these problems may readily occur with Cu and 
aluminum, since they are soft. Consequently, these problems are the source of open circuits, 
short circuits, poor wiring resistance, and other defects. Also, as the processing pressure is 
increased, said problems of dishing, erosion, and recesses become exacerbated, which is 
undesirable. 

[0006] 

The purpose of the present invention is to solve the aforementioned problems of the 
conventional methods by providing a polishing apparatus and polishing method as well as a 
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semiconductor device manufacturing method characterized by the fact that when wiring or other 
metal film of a semiconductor device having a multi-layered wiring structure is polished for 
planarization. the initial bumps and dips can be easily planarized. removal of the excess metal 
film can be performed at a high efficiency, and it is possible to suppress problems of dishing, 
erosion, etc. with excess removal of metal film. 



[0007] 

Means to solve the problems 

The present invention provides a polishing apparatus characterized by the fact that it has 
the following parts: an electroconductive polishing tool with a polishing surface; a polishing tool 
rotating and supporting means that supports the aforementioned polishing tool and rotates it 
about a prescribed axis of rotation; a rotating and supporting means that supports a workpiece 
and rotates it about a prescribed axis of rotation; a moving and positioning means that moves the 
aforementioned polishing tool to a target position in the direction opposite to the aforementioned 
workpiece; a relative movement means that moves the polishing surface of the aforementioned 
workpiece relative to the polishing surface of the aforementioned polishing tool along a 
prescribed plane; an electrolyte supply means that supplies an electrolyte to the polishing surface 
of the aforementioned workpiece; and an electrolytic current supply means, which, with the 
polishing surface of the aforementioned workpiece used as the anode and the aforementioned 
polishing tool as the cathode, supplies electrolytic current from the aforementioned polishing 
surface of the workpiece to the aforementioned polishing tool via the aforementioned electrolyte. 



[0008] 

Also, the polishing apparatus of the present invention has a polishing tool that has a 
polishing surface which rotates while in contact with the entire workpiece surface to be polished; 
the polishing apparatus rotates the aforementioned workpiece while bringing it in contact with 
the aforementioned polishing surface to planarize the surface of the workpiece; the polishing 
apparatus has an electrolyte supply means that supplies an electrolyte onto the aforementioned 
polishing surface; on the aforementioned polishing surface, the polishing apparatus is equipped 
with an anode electrode and a cathode electrode that can conduct electricity to the surface to be 
polished of the aforementioned workpiece; the surface of the aforementioned workpiece is 
planarized by means of composite electrolytic polishing that combines electrolytic polishing 
carried out with the aforementioned electrolyte and mechanical polishing carried out with the 
aforementioned polishing surface. 
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[0009] 

The present invention also provides a polishing method characterized by the following 
facts: the polishing surface of an electroconductive polishing tool is pressed against the surface 
of the workpiece, which has a metal film formed at least on the surface or on an inner layer, with 
an electrolyte between them; the aforementioned polishing tool is used as the cathode and the 
surface of the aforementioned workpiece is used as the anode to supply an electrolytic current 
that flows from the surface of the aforementioned workpiece to the aforementioned polishing 
tool via the aforementioned electrolyte; the aforementioned polishing tool and workpiece are 
moved relatively toward one another along a prescribed plane while being jointly rotated; the 
metal film formed on the aforementioned workpiece is planarized by means of composite 
electrolytic polishing that combines electrolytic polishing carried out with the aforementioned 
electrolyte and mechanical polishing carried out with the aforementioned polishing surface. 



[0010] 

Also, the present invention provides a polishing method comprising the following steps: a 
step in which a passive film used to hinder the electrolytic reaction of a metal film formed on a 
workpiece is formed on the surface of the metal film; a step in which the polishing surface of an 
electroconductive polishing tool and the metal film are pressed against each other with an 
electrolyte between the polishing surface and the metal film, and a prescribed voltage is applied 
between the aforementioned polishing tool.and the aforementioned metal film; a step in which 
the polishing surface of the aforementioned polishing tool and the metal film of the 
aforementioned workpiece are driven to move relatively toward one another along a prescribed 
plane, and the passive film on the bumps of the metal film that protrude towards the polishing 
surface of the polishing tool are selectively removed as a result of the mechanical polishing of 
the aforementioned polishing tool; and a step in which the aforementioned passive film is 
removed, and bumps of the metal film exposed on the surface after removal of the 
aforementioned passive film are removed under the electrolytic polishing effect of the 
aforementioned electrolyte to planarize the aforementioned metal film. 



[0011] 

The present invention also provides a semiconductor device manufacturing method 
characterized by the fact that it comprises the following steps: a step in which wiring grooves 
used for forming wiring are formed on an insulating film formed on a substrate; a step in which a 
metal film is deposited on the aforementioned insulating film to bury the aforementioned wiring 
grooves; a step in which a passive film for hindering the electrolytic reaction of the metal film is 
formed on the surface of the metal film deposited on the aforementioned insulating film; a step in 
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which the portions of the passive film on bumps existing on the surface of the aforementioned 
metal film due to burying the aforementioned wiring grooves are selectively removed by means 
of mechanical polishing to expose bumps of the metal to the surface; and a step in which the 
exposed bumps of the aforementioned metal film are removed by means of electrolytic polishing 
to planarize bumps and dips formed on the surface of the aforementioned metal film due to 
burying of the aforementioned wiring grooves. 



[0012] 

Also, the semiconductor device manufacturing method of the present invention has a step 
in which the excess metal film existing on the insulating film of the aforementioned surfaced 
metal film is removed by means of composite electrolytic polishing that combines electrolytic 
polishing and mechanical polishing to form the aforementioned wiring. 

[0013] 

In the semiconductor device manufacturing method of the present invention, a passive 
film is formed on the metal film having bumps and dips on its surface, and the passive film is 
then removed mechanically. In this way, the bumps of the metal film are exposed to the surface. 
With the remaining passive film used as a mask, electrolysis is performed by means of an 
electrolyte so as to selectively remove the bumps of the metal film. As a result, the initial bumps 
and dips on the metal film are removed and the metal film is planarized. Also, with the initial 
bumps and dips of the metal film planarized, the excess metal film existing on the insulating film 
during the formation of wiring is removed with great efficiency by means of electrolytic 
composite polishing. After the excess metal film is removed and the insulating film is exposed, 
the electrolysis operation for this portion is stopped automatically, and the metal film buried in 
the wiring grooves formed on the insulating film is not removed as excess metal film. 

[0014] 

Embodiment of the invention 

In the following, an embodiment of the present invention will be explained with reference 

to figures. 

Constitution of the polishing apparatus 

Figure 1 is a diagram illustrating the constitution of the polishing apparatus in an 
embodiment of the present invention. Figure 2 is an enlarged view of the main portion of the 
processing head unit of the polishing apparatus shown in Figure 1. As shown in Figure 1, 
polishing apparatus (1) has processing head unit (2), electrolysis power source (61), controller 
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( 55) that controls the entire system of polishing apparatus (1), slurry feeder (71), and electrolyte 
feeder (81). Also, although not shown in the figure, polishing apparatus (1) is set in a clean 
room. There is a transporting port for transporting a wafer cassette with a wafer as the workpiece 
to be polished contained in it into/from the aforementioned clean room. In addition, a wafer 
transporting robot is arranged between transporting port and polishing apparatus ( 1 ) for 
transferring the wafer between the wafer cassette, which has been transported into the clean 
room through the transporting port, and polishing apparatus (1). 

[0015] 

Processing head unit (2) has polishing tool support unit (11) that supports and rotates 
polishing tool (3) and supports polishing tool (3) [sic], Z-axis positioning mechanism (31) that 
positions polishing tool support unit (1 1) at the target position in the Z-axis direction, and X-axis 
movins mechanism (41) that supports and rotates wafer W as the workpiece and moves it in the 
X-axis direction. In this case, polishing tool support unit (11) corresponds to an example of the 
polishine tool rotating/supporting means of the present invention; X-axis moving mechanism 
(41 ) corresponds to an example of the rotating/supporting means and relative movement means 
of the present invention; and Z-axis positioning mechanism (31) corresponds to an example of 
the moving'positioning means of the present invention. 

[0016] 

Z-axis positioning mechanism (3 1) has Z-axis servomotor ( 1 8) that is fixed on a column 
not shown in the figure, Z-axis slider (16) that is connected to supporting device (12) and 
principal shaft motor (13) and has a threaded portion for ball screw shaft (18a) connected to 
Z-axis servomotor (18), and guide rail (17) arranged on a column (not shown in the figure) that 
supports Z-axis slider (16) to enable its free movement in the Z-axis direction. 

[0017] 

Z-axis servomotor (18) is rotationally driven rotate by drive current from Z-axis driver 
(52) connected to Z-axis servomotor (18). Ball screw shaft (18a) is arranged along the Z-axis 
direction. One end of the ball screw shaft is connected to Z-axis servomotor (18), and the other 
end is supported in a freely rotatable manner by a supporting member set on said column ( not 
shown in the figure). In this way, Z-axis positioning mechanism (3 1) positions polishing tool (3) 
supported by polishing tool support unit (11) to any position in the Z-axis direction via Z-axis 
servomotor (18). For example, the positioning precision of Z-axis positioning mechanism (31) 
corresponds to a resolution of about 0.1 Dm. 
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[0018] 

X-axis moving mechanism (41 ) has wafer table (42) that chucks wafer W, supporting 
device (45) that supports wafer table (42) in a freely rotatable manner, drive motor (44 ) that 
supplies torque to rotate wafer table (42), belt (46) that connects drive motor (44) and the 
rotating shaft of supporting device (45), processing pan (47) set on supporting device (45), 
X-axis slider (48) that has drive motor (44) and supporting device (45) arranged thereon, X-axis 
servomotor (49) supported on a frame (not shown in the figure), ball screw shaft (49a) connected 
to X-axis servomotor (49), and movable member (49b) that has a threaded portion for ball screw 
shaft (49a) connected to X-axis slider (48). 

[0019] 

Wafer W is held on wafer table (42) by means of a vacuum pump, e.g. processing pan 
(47) is used to recover used electrolyte, slurry, or other liquids. Drive motor (44) is driven by the 
drive current from table driver (53). By controlling this drive current, one can rotate wafer table 
(42) at a prescribed rotational velocity. X-axis servomotor (49) is driven to rotate by the drive 
current fed from X-axis driver (54) connected to X-axis servomotor (49), and X-axis slider (48) 
is driven in the X-axis direction via ball screw shaft (49a) and movable member (49b). In this 
case, by controlling the drive current fed to X-axis servomotor ( 49), one can control the velocity 
of wafer table (42) in the X-axis direction. 

[0020] 

Figure 2 is a diagram illustrating an example of the internal structure of polishing tool 
support unit (11). Polishing tool support unit (1 1) has polishing tool ( 3), flange member (4) for 
supporting polishing tool (3), supporting device (12) for supporting flange member (4) in a freely 
rotatable manner, principal shaft motor (13) that is connected to principal shaft (12a) supported 
by supporting device (12) and rotates said principal shaft (12a), and cylinder device (14 ) 
arranged on principal shaft motor (13). 

[0021] 

For example, principal shaft motor ( 13) is a direct drive motor. The rotor (not shown in 
the figure ) of the direct drive motor is connected to principal shaft (12a) supported by supporting 
device (12 ). Also, principal shaft motor (13) has a through-hole at its central portion for inserting 
piston rod (14b) of cylinder device (14). Principal shaft motor ( 13) is driven by drive current fed 
from principal shaft driver (51). 
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[0022] 

Supporting device (12) contains an air bearing, e.g. By means of the air bearing, principal 
shaft (12a) is supported in a freely rotatable manner. Principal shaft (12a) of supporting device 
(12 ) also has a through-hole at its central portion for inserting piston rod (14b) of cylinder device 
(14). 

[0023] 

Flange member (4) is made of metal. It is connected to principal shaft (12a) of supporting 
device (12). It has opening portion (4a) at the bottom, and polishing tool (3) is attached to its 
lower end surface (4b). Upper end surface (4c) of flange member (4) is connected to prussic acid 
(12a) supported with supporting device (12 ), and, as principal shaft (12a) rotates, flange member 
( 4) also rotates. Upper end surface (4c) of flange member (4) is in contact with conducting brush 
(27) fixed on electroconductive conductor ( 28 ) arranged on the side surface of principal shaft 
motor (13) and supporting device (12), so that an electrical connection is formed between 
conducting brush (27) and flange member (4). 

[0024] 

Cylinder device (14) is fixed on the housing principal shaft motor (13 ). It contains piston 
(14a). Piston (14a) can be driven in either direction Al or direction A2 under pneumatic force 
fed to cylinder device (14). Piston rod (14b) is connected to said piston (14a). Piston rod (14b) 
goes through the center of principal shaft motor (13) and supporting device (12) and protrudes 
from opening portion (4a) of flange member (4). Pressing member ( 21) is connected to the tip of 
piston rod (14b). This pressing member (21) is connected by means of a connecting mechanism 
that allows a change in orientation over a prescribed range with respect to piston rod (14b). 
Pressing member (21) can make contact with the peripheral portion of opening (22a) of 
insulating plate (22) arranged at the opposite position, and as piston rod (14b) is driven to move . 
in direction A2, it presses against insulating plate (22). 

[0025] 

A through-hole is formed at the central portion of piston rod (14b) of cylinder device 
(14). Conducting shaft (20) is inserted in the through-hole, and it is fixed with respect to piston 
rod (14b). Conducting shaft (20) is made of an electroconductive material Its upper end passes 
through piston (14a) of cylinder device (14) and extends to rotary joint (15) arranged on cylinder 
device (14). Its lower end passes through piston rod (14b) and pressing member (21) to reach 
electrode plate (23), and it is connected to electrode plate (23). 
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[0026] 

A through-hole is formed at the central portion of conducting shaft (20), and this through- 
hole forms a feeding nozzle for feeding a chemical polishing agent (slurry) and electrolyte onto 
wafer W. Also, conducting shaft (20) has the function of forming an electrical connection 
between rotary joint (15) and electrode plate (23). 

[0027] 

Rotary joint (15) connected to the upper end portion of conducting shaft (20) is 
electrically connected to the positive electrode of electrolytic electrode (61), and this rotary joint 
(15) maintains a supply of power to conducting shaft (20) even as conducting shaft (20) rotates. 
That is, even while conducting shaft (20) rotates, a positive potential is still applied from 
electrolytic electrode (61) by means of rotary joint (15). 

[0028] 

Electrode plate (73) connected to the lower end of conducting shaft (20) is made of a 
metal, in particular, a metal more noble than that of the metal film formed on wafer W. The 
upper side of electrode plate (23) is supported by insulating plate (22), the outer peripheral 
portion of electrode plate (23) is fitted to insulating plate (22), and its lower side has smoothing 
element (24) bonded to it. 

[0029] 

Figure 3(a) is a bottom view illustrating an example of the structure of electrode plate 
(23). Fiaure 3(b) is a cross-sectional view illustrating the positional relationship of electrode 
plate (23 ), conducting shaft (20), smoothing element (24) and insulating member (4). As shown 
in Figure 3(a), circular opening portion (23a) is formed at the central portion of electrode plate 
(23). With said opening portion (23a) at the center, multiple grooves (23b) are formed extending 
in the radial direction of electrode plate (23). Also, as shown in Figure 3(b), the lower end 
portion of conducting shaft (20) is fitted and fixed on opening portion (23a) of electrode plate 
( 23 ). By means of this constitution, slurry and electrolyte fed through feeding nozzle (20a) 
formed at the central portion of conducting shaft (20) pass through grooves ( 23b) and are spread 
over the entire surface of smoothing element (24). That is, while electrode plate (23), conducting 
shaft ( 20), smoothing element (24) and insulating member (4) are rotated, slurry and electrolyte 
pass through feeding nozzle ( 20a) formed at the central portion of conducting shaft (20) and are 
fed onto the upper surface of smoothing element (24), so that the slurry and electrolyte are 
spread over the entire upper surface of smoothing element (24). Also, smoothing element (24) 
and feeding nozzle (20a) of conducting shaft (20) correspond to the polishing agent feeding 



means and electrolyte feeding means of the present invention, respectively. Also, electrode plate 
(23 k conducting shaft (20 ) and rotary joint (15) correspond to the conducting means of the 
present invention. 

[0030] 

Smoothing element (24) bonded to the lower surface of electrode plate (23 ) is made of a 
material that can absorb electrolyte and slurry and allow them pass to the upper surface and 
lower surface. Also, the surface of said smoothing element (24) that faces wafer W is the surface 
that is in contact with wafer W and scrubs wafer W. It may be made of a soft brush-like material, 
sponey material, porous material, or another material that does not cause scratches, etc. on the 
surface of wafer W. For example, it may be made of a porous material, such as urethane resin, 
melamine resin, epoxy resin, polyvinyl acetal (PVA), or another resin. 

[0031] 

Insulating plate (22) is made of a ceramic or another insulating material. This insulating 
plate (22) is connected to principal shaft (12a) of supporting device (12) by means of multiple 
rod-shaped connecting members (26). Said connecting members (26) are set equidistantly with a 
prescribed radius from the center of insulating plate (22), and they are supported to move freely 
with respect to principal shaft ( 12a) of supporting device (12). Consequently, insulating plate 
(22) can move in the axial direction of principal shaft (12a). Also, insulating plate (22) and 
principal shaft ( 12a) are connected to each other by means of elastic members (25), such as coil 
springs or the like, corresponding to connecting members (26). 

[0032] 

Insulating plate (22) has a constitution in which it can move freely with respect to 
principal shaft (12a) of supporting device (12), and insulating plate (22) and principal shaft (12a) 
are connected to each other by means of elastic member (25). In this way, when highly 
compressed air is fed to cylinder device (14) so that piston rod (14b) descends in direction A2, 
pressing member (21) pushes insulating plate (22) downward against the recovering force of 
elastic member (25). In this process, smoothing element (24) also descends. In this state, if 
feeding of the highly compressed air to cylinder device (14) is stopped, under the recovering 
force of elastic member ( 25), insulating plate (22) rises, and smoothing element (24) rises 
together with it. 



[0033] 

Polishing tool (3) is fixed on annular lower end surface (4b) of flange member (4). This 
polishing tool (3) has the form of a in wheel shape, with annular polishing surface (3a) equipped 
on its lower end surface. Polishing tool (3) is made of an electroconductive material, which is 
preferablv relatively soft. For example, it may be made of a material with the binder matrix 
(binding agent") itself electroconductive, such as carbon or a porous material made of urethane 
resin, melamine resin, epoxy resin, polyvinyl acetal (PVA) resin, or another resin containing 
sintered copper, metal compound, or other electroconductive material. Polishing tool (3) is 
directly connected to flange member (4) made of a porous material, and power is fed to it from 
conducting brush (27) that is in contact with flange member (4). That is, electroconductive 
conducting member ( 28 ) arranged on the side surface of principal shaft motor (13) and 
supporting device (12) is electrically connected to the negative electrode of electrolysis power 
source (61). Conducting brush (27) arranged on conducting member (28) is in contact with upper 
end surface (4c) of flange member (4). In this way, polishing tool (3 ) is electrically connected to 
electrolysis power source (61) through conducting member (28), conducting brush (27) and 
flange member (4). 

[0034] 

For example, as shown in Figure 4, polishing surface (3a) of polishing tool (3) is inclined 
at a small angle with respect to the central jaxis. Also, principal shaft (12a) of supporting member 
(12) is also inclined with respect to the principal surface of wafer W at the same inclination as 
polishing surface (3a). For example, one may effect a small inclination of principal shaft (12a) 
by adjusting the orientation with which supporting member (12) is mounted on Z-axis slider 
(16). In this way, since the central shaft of polishing tool (3) is inclined at a small angle with 
respect to the principal surface of wafer W, when polishing surface (3a) of polishing tool (3) is 
pressed against wafer W under a prescribed processing force F, the effective functional region S . 
of polishing surface (3a) with respect to wafer W becomes a linear region extending in the radial 
direction of polishing tool (3), as shown in Figure 4. Consequently, when wafer W is driven to 
move in the X-axis direction towards polishing tool (3) and polishing in this direction is carried 
out, the effective surface area S remains almost constant, as can be seen from Figures 5a and 5b. 
In the present embodiment, polishing apparatus (1) has a portion of polishing surface (3a) of 
polishing tool (3) that acts partially on the surface of wafer W, and the effective functional area S 
is moved uniformly over the surface of wafer W, so that the entire surface of wafer W is polished 
uniformly. 



[0035] 

Electrolysis power source (61) is a device that applies a prescribed voltage between said 
rotary joint (15) and conducting brush (12). As a voltage is applied between rotary joint (15) and 
conducting brush (12), a potential difference takes place between polishing tool (3) and 
smoothing element (24). Instead of a contact-voltage power source that outputs a contact voltage 
at all times, electrolysis power source (61) is preferably a DC power source that contains a 
switching regulator circuit for outputting voltage pulses with a prescribed period. More 
specificallv, it may be a power source that outputs voltage pulses with a prescribed period, with 
the pulse width appropriately adjustable. As an example, the output voltage may be 1 50 VDC, 
the maximum output current may be 2-3 A, and the pulse width may be adjusted to any of the 
values 1, 2, 5, 10, 20 and 50 Yi. Since said voltage pulses with the aforementioned short pulse 
width are output, the electrolysis elutmg amount for each pulse is very small That is, this 
method can effectively prevent or minimize large crater-shaped eruption elution of the metal film 
caused by a discharge in an abrupt change of the inter-electrode distance when contact is made 
with bumps and dips of the metal film formed on the surface of wafer W or by spark discharge or 
the like due to abrupt changes in the electrical resistance when gas bubbles, panicles, etc. are 
included. Also, as the output voltage is relatively high as compared with the output current, one 
can have a certain margin in setting the inter-electrode distance. That is, even when the 
inter-electrode distance undergoes a certain change, there is still little change in the current, 
because the output voltage is high. 

[0036] 

Electrolysis power source (61 ) has ammeter (62) as the current detecting means of the 
present invention. This ammeter (62) is set for monitoring the electrolytic current flowing in 
electrolysis power source (61), and the monitored current signal (62s) is output to controller (55). 
Also, electrolysis power source (61) has resistance meter (63) as the resistance detecting means 
of the present invention. This resistance meter (63) is arranged to monitor the electrical 
resistance between polishing tool (3) and electrode plate (23) via the surface of wafer W on the 
basis of the current from electrolysis power source (61). The monitored electrical resistance 
signal (63s) is output to controller ( 55). 

[0037] 

Slurry feeder (71) feeds slurry to feeding nozzle (20a) of said conducting shaft (20). The 
slurry for polishing metals may be used in this case, such as the slurry prepared by containing 
aluminum oxide (alumina), cerium oxide, silica, germanium oxide, etc. as abrasive particles in an 
oxidative aqueous solution based on hydrogen peroxide, iron nitrate, potassium iodate. or the 
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like. Also, the abrasive panicles are pre-charged positively so as to maintain the colloidal state 
with good dispersability. 

[0038] 

Electrolyte feeder (81) feeds electrolyte EL to processing head unit (11). Electrolyte EL 
is a solution made of a solvent and an ionically separated solute. For example, the electrolyte 
mav be made of an aqueous solution prepared by adding a reducing agent to a system of nitrate 
or chloride. 

[0039] 

Controller (55) has the function of controlling the entirety of polishing apparatus (1). 
More specifically, control signal (51s) is output to principal shaft driver (51) to control the 
rotational velocity of polishing tool (3). Control signal (52s) is output to Z-axis driver (52) to 
perform positioning control of polishing tool (3) in the Z-axis direction. Control signal (53s) is 
output to table driver (53) to control the rotational velocity of wafer W. Control signal (54s) is 
output to X-axis driver ( 54 ) to control the velocity of wafer W in the X-axis direction. Also, 
controller (55 ) controls the operation of electrolyte feeder (81) and slurry feeder (71), as well as 
feeding of electrolyte EL and slurry SL to processing head unit (2). 

[0040] 

Also, controller (55) can control the output voltage, output pulse frequency, and output 
pulse width, etc. of electrolysis-power source (61). Also, current signal (62s) and electrical 
resistance signal (63s ) are input to controller (55) from ammeter (62) and resistance meter (63) 
of electrolysis power source (61). Based on said current signal (62s) and electrical resistance 
signal ( 63 s), controller (55) can control the operation of polishing apparatus (1). More 
specifically, in order to produce a contact electrolytic current from current signal (62s), current 
signal (62s) is used as a feedback signal for controlling Z-axis servomotor (18 ), and, based on the 
current and electrical resistance defined by current signal (62s) and electrical resistance ( 63s), the 
polishing processing is stopped, as operation of polishing apparatus (1) is controlled. 

[0041] 

The operator inputs various data to control panel ( 56) connected to controller (55), and 
for example, monitored current signal (62s) and electrical resistance signal (63s) are displayed. 



[0042] 

In die following, the polishing operation of said polishing apparatus CI) will be explained 
with reference to an example of polishing of a metal film formed on the surface of wafer W. 
Also, the case when a metal film of copper is formed will be explained. First of all, wafer \V is 
chucked on wafer table (45), and wafer table (45) is driven to rotate wafer W at a prescribed 
rotational velocity. Also, wafer table (45) is driven to move in X-axis direction, so that polishing 
tool (3) mounted on flange portion (4) is positioned at a prescribed site above wafer W, and 
polishing tool (3) is rotated at a prescribed rotational velocity. When polishing tool (3) is rotated, 
insulating plate (22), electrode plate (23) and smoothing element ( 24) connected to flange 
portion (4) are also driven to rotate. Also, pressing member (21) that presses smoothing element 
(24\ piston rod (14b), piston (14a), and conducting shaft (20) are also rotated at the same time. 

[0043] 

In tjus state, when slurry SL and electrolyte EL are fed from slurry feeder (71) and 
electrolyte feeder (81), respectively, to feeding nozzle (20a) inside conducting shaft (20), slurry 
SL and electrolyte EL are fed over the entire surface of smoothing element (24). Polishing tool 
( 3) is lowered in the Z-axis direction so that polishing surface (3a) of polishing tool (3) comes in 
contact with the surface of wafer W, and a prescribed processing pressure is applied. Also, when 
electrolysis power source (61) is turned on, a negative potential is applied via conducting brush 
( 27 ) to polishing tool (3), and a positive potential is applied via rotary joint < 15) to smoothing 
element (24). 

[0044] 

In addition, since highly compressed air is fed to cylinder device (14), piston rod (14b) is 
lowered in direction A2 shown in Figure 1, and the lower surface of smoothing element (24) is 
driven to move to a position where it is in contact with or near wafer W. In this state, wafer table . 
(45) is driven to move in the X-axis direction with a prescribed velocity pattern, so that the entire 
surface of wafer W is uniformly polished during the processing. 

[0045] 

Figure 6 is a schematic diagram illustrating the state in which polishing tool (3) in 
polishing apparatus (1) is lowered in the Z-axis direction to make contact with the surface of 
wafer W. Figure 7 is an enlarged view inside circle C of Figure 6. Figure 8 is an enlarged 
diaeram illustrating the portion inside circle D of Figure 7. As shown in Figure 7, smoothing 
element (24) is set via electrolyte EL fed onto wafer W or directly on metal film MT formed on 
wafer W, so that power is fed to it as the anode, and polishing tool (3) is also set either via 
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electrolvte EL supplied to wafer W or directly on metal film MT formed on wafer \V. and power 
is fed to it as the cathode. Also, as shown in Figure 7, there is a gap rb between metal film MT 
and smoothing element (24). In addition, as shown in Figure 8, there is a gap Fw between metal 
film MT and polishing surface (3a) of polishing tool (3). As shown in Figure 7, insulating plate 
(4 ) is included between polishing tool (3) and smoothing element (24) (electrode plate (23)). 
Since resistance RO of insulating plate (4) is very high, current i 0 flowing from smoothing 
element (24) via insulating plate (4) to polishing tool (3) is almost zero, and there is no current 
flowing from smoothing element (24) via insulating plate (4) to polishing tool (3 ). 

[0046] 

Consequently, the current from smoothing element ( 24) to polishing tool (3 ) is split into 
current ii flowing directly via resistance Rl in electrolyte EL to polishing tool (3) and current i 2 
flowing in polishing tool (3) from electrolyte EL and via metal film MT of copper formed on the 
surface of wafer W, then through electrolyte EL again and to polishing tool (3). Since current ii 
flows to the surface of metal film MT, copper that forms metal film MT is ionized and eluted 
into electrolyte EL due to the electrolytic function of electrolyte EL. 

[0047] 

In this case, resistance Rl of electrolyte EL becomes very high in proportion to distance d 
between smoothing element (24) as the anode and polishing tool (3) as the cathode. 
Consequently, by selecting an inter-electrode distance d to be sufficiently larger than the gap Tb 
and the gap Iw, current ii flowing directly via resistance Rl in electrolyte EL to polishing tool 
('3 ) is very low, and current \2 becomes high, so that almost all of the electrolytic current flows 
through the surface of metal film MT. Consequently, it is possible to perform electrolytic elution 
of copper that forms metal film MT highly efficiently. Also, the magnitude of current i 2 can be 
changed as a function of the gaps Fb and Tw. Consequently, as explained above, by adjusting the . 
magnitude of gaps 1Tb and Tw by controlling the position of polishing tool (3) in Z-axis using 
controller (55), one can have a contact value for current i 2 . Adjustment of the magnitude of gap 
Fw can be carried out by controlling Z-axis servomotor (18) with current signal (62s) used as a 
feedback signal such that the electrolytic current obtained from current signal (62s), that is, 
current i 2 , is contact. Also, the precision in positioning polishing apparatus (1) in the Z-axis 
direction is as high as corresponding to a resolution of 0.1 Hn. Also, as principal shaft (12a) is 
inclined at a small angle with respect to the principal surface of wafer W, contact area S is 
always held constant during the process. Consequently, by controlling the electrolytic current to 
a constant level one always has a contact current density, and thus a contact electrolysis elution 
rate of the metal film. 
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[0048] 

As explained above, for polishing apparatus (1) with the aforementioned constitution, it 
has an electrolytic polishing function for eluting and removing metal film MT formed on said 
wafer W due to the electrolytic function of electrolyte EL. In addition to the electrolytic 
polishins function, polishing apparatus (1 ) with the aforementioned constitution also has the 
chemical mechanical polishing function of the conventional CMP apparatus by means of 
polishing tool (3) and slurry SL, and it is possible to polish wafer W by means of a composite 
function of the aforementioned electrolytic polishing function and chemical mechanical 
polishing (hereinafter referred to as electrolytic composite polishing). Also, polishing apparatus 
(T) with the aforementioned constitution may perform the polishing processing by means of the 
composite function of the mechanical polishing and electrolytic polishing function using 
polishing surface (3a) of polishing tool (3 }, without using slurry SL. Because polishing apparatus 
( 1 ) can polish the metal film by means of the composite function of electrolytic polishing and 
chemical mechanical polishing, it is possible to remove the metal film with an efficiency much 
higher than that of the polishing apparatus that makes use of only chemical mechanical polishing 
or mechanical polishing. Because a high polishing rate can be realized for the metal film, it is 
possible to reduce processing force F applied by polishing tool (3) to wafer W as compared with 
that of the polishing apparatus that makes use of only chemical mechanical polishing or 
mechanical polishing, and it is possible to suppress dishing or erosion. 

[0049] 

The polishing method using the electrolytic composite polishing function of polishing 
apparatus (1) in another embodiment will be explained below with reference to an example when 
this method is applied in the wiring forming process using the dual damascene method for a 
semiconductor device having a multi-layered wiring structure. 

[0050] 

Fisure 9 is a diagram illustrating the manufacturing process in an embodiment of the 
semiconductor device manufacturing method of the present invention. In the following, the 
manufacturing process of the present embodiment will be examined on the basis of the flow- 
chart of Figure 9. First, as shown in Figure 10, on wafer W made of silicon or other 
semiconductor and having impurity diffusion regions (not shown in the figure) suitably formed 
thereon, interlayer insulating layer (102) made of silicon oxide film (SiCb) is formed using 
reduced-pressure CVD (Chemical Vapor Deposition) with, e.g., TEOS (tetraethyl orthosilicate) 
used as the reaction source. Then, as shown in Figure 11, contact holes (.103) through impurity 
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diffusion region of the wafer and wiring grooves (104) where wiring of a prescribed pattern for 
forming electrical connections to the impurity diffusion region of wafer W are formed using the 
conventional photolithographic technology and etching technology. Also, the depth of wiring 
grooves (104) is about 800 run. 

[0051] 

Then, as shown in Figure 12, barrier film (105) is formed on the surface of interlay er 
insulating film (102) and inside contact holes (103) and wiring grooves (104). Said barrier film 
(305 ) may be formed from Ta, Ti, TaN, TiN or another material with a film thickness of about 
15 nm using a sputtering apparatus, vacuum vapor deposition apparatus, etc. Barrier film ( 305) is 
used to prevent the material that forms the wiring from diffusing into interlayer insulating film 
(102), and for improving adhesion to interlayer insulating film (102). In particular, when copper 
is used as the wiring material and silicon oxide film is used as interlayer insulating film (102), 
because copper has a high diffusion coefficient with respect to the silicon oxide film and tends 
toward oxidation, this problem should be prevented. The aforementioned process is process PR1 
shown in Figure 9. 

[0052] 

Then, as shown in Figure 13, seed film (106) made of the same material as the wiring 
forming material, such as copper, is formed to a thickness of about 150 nm on barrier film (105) 
using the conventional sputtering method (process PR2). Seed film (106) is used to promote the 
growth of copper grains when copper is buried in wiring grooves and contact holes. Then, as 
shown in Figure 14, metal film (107) with a thickness of about 2000 nm and made of copper is 
formed on barrier film (105) such that it fills contact holes (103) and wiring grooves (104). It is 
preferred that metal film (107) be formed using an electroplating or non-electroplating technique. 
However, it is also possible to form it using a CVD method, sputtering method, etc. Also, seed 
film (106) is integrated with metal film (107) (process PR3). 

[0053] 

Figure 15 is an enlarged cross-sectional view of the semiconductor device midway during 
the manufacturing process with metal film (107) formed on barrier film (105). As can be seen 
from Figure 15, because contact holes (103) and wiring grooves (104) are .buried, 600-nm bumps 
and dips are formed. Although the aforementioned operation is performed in the same way as in 
the conventional process, in the polishing method of the present invention, excess metal film 
(107) and barrier film (105) on interlayer insulating film (102) are removed by means of an 
electrolytic composite polishing operation using said polishing apparatus (1 ), instead of chemical 
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mechanical polishing. Also, in the polishing method of the present invention, as shown in 
Figure 16, passive film (108) is formed on the surface of metal film (107) before the 
aforementioned process of electrolytic composite polishing (process PR4). This passive film 
(108) is made of a material that can hinder the electrolytic reaction of the metal (copper) that 
forms metal film (107). 



[0054] 

As far as the formation method of passive film (108) is concerned, for example, an 
oxidizing agent may be coated on the surface of metal film (107) to form an oxide film. When 
copper is used as the metal for forming metal film (107), copper oxide (CuO) film is formed as 
the passive film. As another method, passive film (108) may be formed as a water-repellant film, 
oil film, oxidation inhibiting film, a film made of a surfactant, a film made of chelating agent, or 
a film made of a silane coupling agent on the surface of metal film (107). There is no particular 
limitation on the type of passive film (108). However, it is preferred that the material of the 
passive film (108) have an electrical resistance greater than that of metal film (107), and that the 
material have a relatively low mechanical strength and be brittle. 



[0055] 

Then, in the polishing method of the present invention, passive film (108) formed only on 
bumps of metal film (107) is selectively removed (process PR5). Selective removal of passive 
film (108 ) is carried out using said polishing apparatus (1). Also, a slurry having a high polishing 
rate for copper is used as slurry- SL. Examples of slurries that may be used include those prepared 
by adding alumina-, silica-, or manganese-based abrasive particles in an aqueous solution based 
on hydrogen peroxide, iron nitrate, potassium iodate, etc. First wafer W is chucked on wafer 
table (42) of polishing apparatus (1). While electrolyte EL and slurry SL are fed onto wafer W, 
rotating polishing tool (3) and smoothing element (24) are lowered in the Z-axis direction to 
make contact with or approach wafer W. Then, wafer W is driven to move at a prescribed 
velocity pattern in the X-axis direction for polishing processing. With polishing tool (3) used as 
the negative electrode and electrode plate (23) as the positive electrode, pulsed DC voltage is 
applied between polishing tool (3) and electrode plate (23). Also, by having the aqueous solution 
for preparing slum' SL take on the function of electrolyte SL [sic; EL], it is also possible to feed 
only slurry SL onto wafer W. 

[0056] 

Fieure 17 is a schematic diagram illustrating the polishing process near smoothing 
element (24) in the aforementioned state. Figure 18 is a schematic diagram illustrating the 
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polishing process near polishing tool (3). As can be seen from Figure 17, slurry SL and 
electrolyte EL are fed from grooves (23b) of electrode plate (23) in the vicinity of smoothing 
element (24), and slurry SL and electrolyte EL pass through smoothing element (24) and are fed 
onto wafer W from the entire surface of smoothing element (24). Because passive film (108) 
formed on metal film (107) is passive to the electrolytic action of electrolyte EL, the elution of 
copper that forms metal film (107) into electrolyte EL can be suppressed. Consequently, little 
current Hows through metal film (107), and the current monitored by said ammeter (62) is low 
and stable. Figure 25 is a graph illustrating an example of the current monitored by ammeter (62) 
in the electrolytic composite polishing process in the present embodiment. The aforementioned 
state corresponds to the condition close to the starting point of the current shown in Figure 25. 



[0057] 

As smoothing element (24) is rotated, the projecting portions of passive film (108), that 
is, passive film (108) on bumps of metal film (107) are mechanically removed by the mechanical 
removal action of the smoothing element or the mechanical removal action of abrasive particles 
PT made of, e.g., aluminum oxide, contained in slurry SL. On the other hand, as shown in Figure 
18, the projecting portions of passive film (108) beneath polishing tool (3) which are present on 
metal film (108) [sic; (107)] are removed by the mechanical removal action of polishing tool (3), 
or the mechanical removal action of abrasive particles PT. 

[0058] 

In this way, as shown in -Figure 19, passive film (108) formed on bumps of metal film 
(107) are selectively removed, and metal film (107) is exposed to the surface at those portions 
where said passive film (108) has been selectively removed. 



[0059] 

When metal film (107) is exposed to the surface, the exposed portions of metal film (107) 
as bumps are selectively eluted (process PR5). In this case, as shown in Figure 18, electrolyte EL 
acts to elute copper ions Cu+ for copper that forms metal film (107) from the bumps of metal 
film (107), where passive film (108) has been removed, into electrolyte EL. In this way, negative 
electrons e flow in metal film (107), and, as shown in Figure 17, said negative electrodes e" flow 
from the surface of metal film (107) via electrolyte EL to electrode plate (23), forming said 
current ii- 
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[0060] 

As explained above, copper that forms metal film (107) can increase the current density 
as compared with passive film (108), so that it is under the concentrated electrolytic function and 
is selectively eluted. As a result, removal of the material is accelerated. Also, since power is fed 
throueh electrolyte EL, when there is a contact potential difference between metal film (107) as 
the anode and polishing tool (3 ) as the cathode, if the inter-electrode distance becomes shorter, 
that is, if the electrical resistance is reduced, the current flowing between the electrodes 
increases. Consequently, if there is a certain difference in the inter-electrode distance due to the 
bumps and dips on metal film (107) used as the anode with respect to polishing tool (3) used as 
the cathode (that is, for the projecting portions of metal film (107 ), the inter-electrode distance is 
shorter and the electrical resistance is lower), due to the difference in the current density, the 
elution rate is higher for the portion with a higher current density, as is the planarization 
efficiency. As shown in Figure 25, in this case, as indicated by PI, the current monitored by said 
ammeter (62) starts rising. Due to this function, planarization of the bump portions of metal film 
(107) can be carried out with greater efficiency than that when mechanical planarization is 
carried out. 

[0061] 

Due to the aforementioned function, as shown in Figure 20, the surface of metal film 
(107) after completion of the selective electrolyte composite polishing for perfect planarization 
of bumps of metal film (107) becomes a composite surface of passive film (108) left in dips of 
metal film (107) and the regenerated copper surface formed after removal of bumps of metal film 

(107) . 

[0062] 

Then, as shown in Figure 21, for the surface of said metal film (107 ), electrolytic 
composite polishing is carried out (process PR7), which combines the mechanical polishing by 
means of polishing tool (3) and abrasive particles PT in slurry SL, and the electrolytic function 
by means of electrolyte EL. In this case, as explained above, the mechanical strength of residual 
passive film (108) is lower than that of the regenerated copper surface, so that when passive film 

(108) is subject to electrolytic composite polishing, removal takes place mainly due to 
mechanical action. Then, as the copper surface underlying it is exposed, the electrolytic action 
rises in proportion to the area of the exposed copper surface. At the time that passive film (108) 
is fully removed, the surface area of copper that forms metal film (107) is maximum. At the 
same time, the current monitored by ammeter (62) rises from time PI shown in Figure 25 
together with removal of passive film (108), and it reaches a maximum value at time P2 when 



the surface area of copper is at a maximum. Because of the process up to this point, the 
planarization of the initial bumps and dips on the surface of metal film (107) is completed. 

[0063] 

In this way, in the electrolytic composite polishing operation in the present embodiment, 
because the polishing rate is raised with the electrochemical polishing operation, it is possible to 
perform polishing at a processing pressure lower than that required the conventional chemical 
mechanical polishing. This is highly favorable as compared with the simple mechanical 
polishing operation because of reduced scratching, formation of steps, dishing, erosion, etc. In 
addition, it is possible to perform polishing under a lower processing pressure, so that this 
method becomes highly favorable in the case when interlayer insulating film (102) is made of an 
organic type low-dielectric-contact film or porous low-dielectric-contact insulating film that has 
low mechanical strength and used to be prone to damage in the conventional chemical 
mechanical polishing operation. 

[0064] 

When electrolytic composite polishing of said metal film (107) is carried out so that the 
excess metal film (107) is removed, as shown in Figure 22, barrier film (105) is exposed (process 
P8). In this case, the current monitored by ammeter (62) is at a maximum at the time indicated by 
P2 in Figure 25 when all of passive film (L08) on metal film (107) is removed, and it levels off at 
the time indicated by P3 in Figure 25 when barrier film (105) is exposed. When barrier film 
(105) is exposed, because the electrical resistance of Ta, Ti, TaN, TiN, or another material used 
in this case is higher than copper, the current monitored by ammeter (62) starts falling at time P3 
shown in Figure 25 when the exposure of barrier film (105) starts. In this state, the polishing 
processing is stopped with an uneven copper metal film (107) remaining. The termination of the 
polishing processing of polishing apparatus (1 ) in this case is based on the judgment of controller . 
(55) that the current falls below a prescribed level as indicated at P4 in Figure 25. 

[0065] 

Then, barrier film (105) is removed (process PR9). In the process of removal of barrier 
film (105), instead of slurry SL that has a high polishing rate for metal film (107) made of 
copper, another slurry SL that has a high polishing rate for barrier film (105) made of Ta, TaN, 
Ti, TiN, etc. and a low polishing rate for metal film (107) is used. That is, slurry SL with a 
highly selective polishing rate between barrier film (105) and metal film (107) is used in this 
case. 



[0066] 

In addition, from the standpoint of suppressing dishing and erosion due to overpolishing, 
removal of barrier film (105) by polishing is carried out with an output voltage from electrolysis 
power source (61) below that used in the aforementioned process. Also, it is preferred that the 
processing pressure of polishing tool (3) be lower than that in the aforementioned process. Also, 
since the output voltage of electrolysis power source (61) is lower and interlayer insulating film 
i 102 ) is exposed to the surface after removal of barrier film (105 ), the magnitude of the 
electrolytic current is also reduced. Consequently, one may monitor the electrical resistance 
between smoothing element (24) and polishing tool (3) by means of said resistance meter (63), 
instead of monitoring the electrolytic current with said ammeter ( 62). 

[0067] 

When barrier film (105) is removed, as shown in Figure 23, interlayer insulating film 
(102) is exposed to the surface (process P10). When interlayer insulating film (102) is exposed, 
as shown in Figure 23, because the exposed portion is free of metal film (107) or barrier film 
(105) that acts as the anode in feeding power to the surface, power from smoothing element (24) 
is cut off, and the electrolytic function at the exposed portion of interlayer insulating film (102) 
stops. At this time, the magnitude of the electrical resistance monitored by resistance meter (63) 
begins to increase. 

[0068] 

As in the aforementioned case when the bumps of metal film (107) are reduced, the same 
process takes place between the residual portion of metal film (107) and the exposed portion of 
barrier film (105). That is, with barrier film (105) used as the portion with the higher electrical 
resistance in place of passive film (108), the current density becomes concentrated at the residual 
portion of metal film (107), so that the residual portion of metal film (107) is eluted and 
removed. For the portion where the electrolytic function stops, the main function becomes the 
mechanical removal function of material due to polishing tool (3 ) and slurry SL. 

[0069] 

However, in the conventional chemical mechanical polishing operation, the selectivity of 
polishing rate is chosen to be as high as possible for barrier film (105) and metal film (107) with 
respect to interlayer insulating film (102), and with the difference in the polishing rate used as a 
margin, the dimensional precision of the upper surface of interlayer insulating film (102) is 
guaranteed. Consequently, with this constitution, dishing of metal film (107) becomes inevitable. 
On the other hand, if the selectivity is chosen to be low, although dishing can be alleviated to a 
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certain extent, removal of barrier film (105) and metal film (107) may be insufficient because the 
dimensional precision depends on the uniformity of the distnbution of the removal rate within 
the wafer surface. Consequently, in order to prevent underpolishing in a state with residual 
barrier film (105) and metal film (107) left on the upper surface of interlayer insulating film 
(102). it is necessary to perform overpolishing corresponding to the extent of nonuniformity of 
the removal rate on the surface, and degradation in erosion due to this overpolishing operation 
also becomes essentially inevitable. On the other hand, in the present embodiment, if the 
uniformity on the surface of wafer W is guaranteed to a certain extent, residual barrier film (105) 
or residual portion of metal film (107) left on interlayer insulating film (102) can be removed 
with great efficiency due to the electrolytic function, and elution from the exposed portion of 
interlayer insulating film (102) stops. Consequently, it is possible to guarantee the dimensional 
precision of interlayer insulating film (102) automatically, and to suppress generation of dishing 
and erosion. 

[0070] 

As explained above, it is possible to fully remove barrier film (105 ) made of, e.g., Ta, 
TaN, Ti, TiN, etc., and at the same time, to suppress the generation of dishing or erosion caused 
by overpolishing. Also, in the aforementioned process of removal of barrier film (105), if the 
absolute value of the current is selected to be low, and the mechanical load is also set to be low, 
the removal rate is reduced. However, if metal film (107) of copper in the remaining portion 
where the residual film thickness is uneven, the removal amount of barrier film (105) will itself 
be small since barrier film (105) is thinner than metal film (107), and in this process, even when 
there is variation or unevenness, the absolute values of dishing and erosion still can be reduced to 
a negligible level, and the processing time also can be shortened. In addition, in the polishing 
method pertaining to the present embodiment, a composite processing is carried out made up of 
both mechanical and electrochemical components. Consequently, it is possible to produce a 
planarized surface with little damage and a high degree of mechanical planarization. 

[0071] 

Then, based on the electrical resistance monitored by resistance meter (63 ), at the time 
when the electrical resistance is maximum, that is, at the end of wiring formation, the process of 
removal of barrier film (105) comes to an end (process PR11). Controller (55) determines the 
value of electrical resistance, and stops the processing operation of polishing apparatus (1). Also, 
before the end of the polishing process, while the electrolytic function is applied, polishing tool 
( 3) is driven to move without making contact with the surface of wafer W, for example, at a 
height of about 100 Fhi above the surface of the wafer. In this way, it is possible to form a 
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damage-free surface by means of only the electrolytic function, without performing mechanical 
polishing. In this way, as shown in Figure 23, wiring (109) and contact [holes] (1 10) are finally 
formed in interlayer insulating film (102). 

[0072] 

Then, the semiconductor device with wiring (109) and contact (110) formed thereon is 
rinsed (process PR12). In this rinsing process, immediately after the formation of wiring (109) 
and contact (1 10), a cleaning chemical solution and an oxidation inhibitor are fed onto the 
surface of wafer W, with no pow^er applied to wafer W. As shown in Figure 24, a positive pulsed 
voltage is applied to polishing tool (3), and washing is performed by means of pure water and 
chemical solution, so as to remove slurry SL and particles present on the surface of wafer W. In 
the present embodiment, before rinsing, because abrasive particles PT made of alumina and 
contained in slurry SL are positively charged so as to improve the dispersion property of the 
abrasive particles, even when the abrasive particles are left without attrition after they are made 
to mechanically collide on the surface of metal film (107) made of copper, they still do not 
become embedded in the surface of copper that forms metal film (107) as the anode. As shown in 
Figure 23, they re-attach to on the surface of polishing tool (3) and are used in the next 
processing cycle. In addition, because the positively charged particles are attracted to the surface 
of polishing tool (3 ) as the anode, they do not become embedded in the surface of copper. On the 
other hand, the negatively charged particles left on the surface of wafer W also can be removed 
from the surface of wafer W by means of the aforementioned rinsing operation. Also, even if a 
slurry SL with abrasive particles PT with a negative charge is used, it also can be removed. 
When copper is used as the wiring forming material, it tends toward oxidation, and it is 
necessary to remove the metal ions and particles without modification of the copper surface. In 
the present embodiment, this problem is solved since abrasive particles PT are pre-charged 
positively, and rinsing is carried out Also, in the aforementioned example, aluminum oxide 
(alumina) is used. However, it is also possible to use cerium oxide, silica, germanium oxide, etc., 
with the same results. 

[0073] 

As explained above, in the semiconductor device manufacturing method of the present 
embodiment, passive film (108) is formed on metal film (107) that buries-the wiring groove 
wiring [sic; wiring grooves] and contact holes formed in insulating film (102); passive film (108) 
formed on bumps of metal film (107) is selectively removed; with the residual passive film (108) 
used as a mask, metal film (107) exposed to the surface is selectively removed by means of 
electrolytic polishing since the current density increases for removal. In this way, the initial 
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bumps and dips can be planarized at a much higher efficiency than that in the conventional CMP. 
Also, for metal film (107) that has the initial bumps and dips planarized, removal is performed 
by means of electrolytic composite polishing, a combination of electrolytic polishing and 
chemical mechanical polishing, so that excess metal film (107) can be removed with a much 
greater efficiency than that of conventional CMP. Consequently, even when the processing 
pressure of polishing tool (3) is reduced, a sufficient polishing rate can still be obtained, and 
damage to metal film (107) can be reduced. At the same time, dishing and erosion can be 
suppressed. 

[0074] 

In the semiconductor device manufacturing method of the present embodiment, at the 
time that excess metal film (107) is removed and barrier film (105) is exposed, polishing is 
stopped, and slurry SL is changed to a type with a higher polishing rate for barrier film (105). 
Also, the output voltage of electrolysis power source (61) and other polishing conditions are 
changed to remove excess barrier film (105). As a result, even when overpolishing is required for 
removal of excess barrier film (105), it is still possible to suppress dishing and erosion to low 
levels. 



[0075] 

Also, in the semiconductor device, manufacturing method of the present embodiment, 
because polishing of the metal film is carried out by means of electrolytic composite polishing 
with high efficiency, one can reduce the processing pressure of polishing tool (3). Consequently, 
even when the dielectric contact is reduced from the standpoint of lower power consumption and 
higher processing speed by using an organic type low-dielectric-contact film or porous 
low-dielectric-contact film having a relatively low mechanical strength as interlayer insulating 
film (102), it is still possible to alleviate damage to such insulating films. 

[0076] 

In the aforementioned embodiment, it is possible to control the absolute value of the 
polishing processing amount of the metal film by controlling the integration of the electrolytic 
current and the time for polishing tool (3) to pass above wafer W. In the aforementioned 
embodiment, the process of copper wiring formation was presented as an example. However, the 
present invention is not limited to this example. It is also possible to adopt the present invention 
in the process of formation of metal wiring made of tungsten, aluminum, silver, etc. 
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[0077] 

In the aforementioned embodiment, the case of electrolytic composite polishing as a 
combination of chemical mechanical polishing using slurry SL and electrolytic polishing using 
electrolyte EL was explained. However, the present invention is not limited to this example. For 
instance, the present invention also allows the omission of slurry SL, and electrolytic composite 
polishing is carried out as a combination of electrolytic polishing using electrolyte EL and 
mechanical polishing using polishing surface (3a) of polishing tool (3 ). 

[0078] 

Also, in the aforementioned embodiment, the current flowing between polishing tool (3) 
and electrode plate (23) is monitored, and based on this value, the polishing process is controlled 
until barrier film (105) is exposed. However, it is also possible to monitor the entire polishing 
process. Similarly, in the aforementioned embodiment, the electrical resistance between 
polishing tool (3) and electrode plate (23) is monitored, and based on this value, the process of 
removal of only barrier film (105) is controlled. However, it is also possible to control the entire 
polishing process by means of the monitored electrical resistance. 

[0079] 

Embodiment Variant 1 

Figure 26 is a schematic diagram illustrating an embodiment variant of the polishing 
apparatus of the present invention. In polishing apparatus (1) in the aforementioned embodiment, 
the supply of power to the surface of wafer W is carried out by means of an electroconductive 
polishing tool and conducting plate (23) having smoothing element (24). In the system shown in 
Figure 26, wheel-shaped polishing tool (401) is also electroconductive, like polishing apparatus 
(1), as is wafer table (402) to which wafer W is chucked for rotation. Power is supplied to 
polishing tool (40 1 ) under the same conditions as in the aforementioned embodiment. In this 
case, to feed power to wafer table (402), rotary joint (403) is set in the lower portion of wafer 
table (402 ), so that the supply of power is always maintained to rotating wafer table (402) by 
means of rotary joint (403). In this constitution, electrolytic current is sourced. 

[0080] 

Embodiment Variant 2 

Figure 27 is a schematic diagram illustrating another embodiment variant of the polishing 
apparatus of the present invention. In this example, wafer table (502) to which wafer W is 
chucked is rotated, and wafer W is supported by retaining ring (504) arranged on the periphery 
of wafer W. Not only polishing tool (501 ) but also retaining ring (504) is made 



38 



electroconductive, and power is fed to polishing tool (501 ) under the same conditions as in the 
aforementioned embodiment. Also, retaining ring (504) covers up to the aforementioned barrier 
layer portion formed on wafer W for supplying power. In addition, power is fed through rotary 
joint (503) arranged in the lower portion of wafer table (502) to retaining ring (504). Also, even 
when polishing tool (501 ) makes contact with wafer W. since the degree of inclination of 
polishing tool (3) is increased such that a gap greater than the thickness of retaining ring (504) 
can be maintained in the edge portion, it is possible to prevent interference between polishing 
tool (501) and retaining ring (504). 

[0081] 

Embodiment Variant 3 

Figure 28 is a schematic diagram illustrating yet another embodiment of the polishing 
apparatus of the present invention. For the polishing apparatus shown in Figure 28, the 
electrolytic polishing function of the present invention is added to a conventional CMP 
apparatus. In this polishing apparatus, the entire surface of wafer W chucked by wafer chucks 
(207) is rotated and brought in contact with the polishing surface of the polishing tool prepared 
by bonding polishing pad (polishing cloth) (202) to fixed disk (201), so that the surface of wafer 
W is planarized. On polishing pad (202), anode electrodes (204) and cathode electrodes (203) are 
arranged alternately in a radial configuration. Also, anode electrodes (204) and cathode 
electrodes (203) are electrically insulated from each other by means of insulator ( 206). Power is 
fed from the side of fixed disk (201) to anode electrodes (204) and cathode electrodes ( 203 ). The 
aforementioned anode electrodes ( 204) and cathode electrodes (203) as well as insulator (206) 
form polishing pad (202). Also, wafer chucks (207 ) are made of an insulating material. In 
addition, in this polishing apparatus, there is feeding unit (208) for feeding electrolyte EL and 
slurry SL to the surface of polishing pad (202), so as to enable electrolytic composite polishing 
as a combination of electrolytic polishing and chemical mechanical polishing. 

[0082] 

Figure 29 is a diagram illustrating the electrolytic composite polishing operation in the 
polishing apparatus with the aforementioned constitution. Also, copper film (210) is formed on 
the surface of wafer W. As shown in Figure 29, during the process of electrolytic composite 
polishing, electrolyte EL and slurry SL are included between copper film (210) formed on the 
surface of wafer W and the polishing surface of polishing pad (202), while a DC voltage is 
applied between anode electrode (204) and cathode electrode (203), so that current i flows from 
anode electrode (204) through electrolyte EL, copper film (210), and then electrolyte EL again to 
reach cathode electrode (203). In this case, in the vicinity inside circle G shown in Figure 29, due 
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to the electrolytic function, copper film (210) is eluted, and at the same time, copper film (210) is 
removed under the mechanical removal function of polishing pad (202) and slurry SL. 

[0083] 

With the aforementioned constitution, the same effect as that of polishing apparatus (1) in 
the aforementioned embodiment can be realized. Also, the configuration of anode electrodes and 
cathode electrodes formed on the polishing pad is not limited to the constitution shown in 
Figure 28. For example, the configuration shown in Figure 30 may also be adopted. In this 
configuration, multiple linear shaped anode electrodes (222) are arranged in a checkerboard 
configuration at an equal distance from each other, and cathode electrodes (223 ) are arranged in 
the various rectangular regions defined by said anode electrodes (222). Polishing pad (221) is 
formed from anode electrodes (222) and cathode electrodes (223 ) electrically insulated from 
each other by insulator (224). In addition, the configuration shown in Figure 3 1 may be adopted. 
In this configuration, annular anode electrodes (242 ) having different radii are arranged 
concentrically, and cathode electrodes (243) are set in the annular regions formed between said 
anode electrodes ( 242). Polishing pad (241) is formed from anode electrodes (242 ) and cathode 
electrodes (243) electrically insulated from each other with insulator (244). 

[0084] 

Effect of the invention 

According to the present invention, the metal film is polished under the composite effect 
of mechanical polishing and electrolytic polishing. Consequently, compared with the case of the 
planarization of the metal film using mechanical polishing, bumps of the metal film can be 
selectively removed and planarized with much greater efficiency. Also, according to the present 
invention, power is supplied with the polishing tool used as the cathode. Consequently, the 
particles and abrasive particles in the polishing agent that are positively charged beforehand are 
attracted to the polishing tool, so that it is possible to prevent them from remaining on the wafer 
surface, and the efficiency can thereby be increased. Also, according to the present invention, 
since the metal film can be removed with great efficiency, a sufficiently high polishing rate can 
be realized with a relatively low r polishing pressure. Consequently, it is possible to suppress the 
occurrence of scratching, dishing, erosion, etc. on the polished metal film. In addition, according 
to the present invention, a sufficiently high polishing rate can be obtained at relatively low 
polishing pressure. Consequently, even when the dielectric contact is reduced from the 
standpoint of lower power consumption and higher processing speed by using an organic type 
low-dielectric-contact film or porous low-dielectric-contact film having a relatively low 
mechanical strength as the interlayer insulating film, it is still possible to perform the operation 
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rather easily. Also, according to the present invention, the residual barrier film left on the 
interlayer insulating film or the metal portion is removed by the electrolytic action with great 
efficiency, and elution from the exposed portion of the insulating film is stopped. Consequently, 
it is possible to guarantee the stopping of polishing automatically with high precision, and it is 
possible to suppress dishing or erosion. In addition, according to the present invention, by 
monitoring the electrolytic current, one can control the polishing process and correctly monitor 
the progress of the polishing process. Moreover, according to the present invention, by 
monitoring the electrical resistance between the polishing tool and the electrode member, one 
can correctly control the polishing process even when polishing a film, where the current flow is 
low or nonexistent, together with the metal film. 

Brief description of the figures 

Figure 1 is a diagram illustrating the configuration of an embodiment of the polishing 
device disclosed in the present invention. 

Figure 2 is an enlarged view illustrating the details of the head part of the polishing 
device shown in Figure 1 . 

Figure 3(a) is a bottom view illustrating an example of the structure of electrode plate 
(23). Figure 3(b) is a cross-sectional view illustrating the position relationship among electrode 
plate (23), electroconductive shaft (20), scrubbing part (24), and insulating part (4). 

Figure 4 is a diagram illustrating tlje relationship between a polishing tool and a wafer. 

Figure 5 is a diagram illustrating the movement of the wafer in the direction of the X axis 
with respect to the polishing tool. 

Figure 6 is a schematic diagram illustrating the polishing the wafer with the head 
processing part. 

Figure 7 is a diagram illustrating the relationship between a polishing tool and an 
electrode plate. 

Figure 8 is a diagram explaining the electrolytic polishing function of the polishing 
device disclosed in the present invention. 

Figure 9 is a flow chart illustrating the manufacturing process in an embodiment of the 
semiconductor device manufacturing method disclosed in the present invention. 

Figure 10 is a cross-sectional view illustrating the manufacturing process of the 
semiconductor device manufacturing method disclosed in the present invention. 

Figure 1 1 is a cross-sectional view illustrating the manufacturing process after the step 
shown in Figure 10. 

Figure 12 is a cross-sectional view illustrating the manufacturing process after the step 
shown in Figure 11. 
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Figure 13 is a cross-sectional view illustrating the manufacturing process after the step 
shown in Figure 12. 

Figure 14 is a cross-sectional view illustrating the manufacturing process after the step 
shown in Figure 13. 

Figure 15 is an enlarged view illustrating the cross-sectional structure of the 
semiconductor device shown in Figure 14. 

Figure 16 is a cross-sectional view illustrating the manufacturing process after the step 
shown in Figure 14. 

Figure 17 is a conceptual diagram illustrating the polishing process near scrubbing part 

(24). 

Figure 1 8 is a conceptual diagram illustrating the polishing process near polishing tool 

(3). 

Figure 19 is a cross-sectional view illustrating the manufacturing process after the step 
shown in Figure 16. 

Figure 20 is a cross-sectional view illustrating the state after projections of the metal film 
are selectively removed and planarized. 

Figure 2 1 is a cross-sectional view illustrating the manufacturing process after the step 
shown in Figure 19. 

Figure 22 is a cross-sectional view illustrating the manufacturing process after the step 
shown in Figure 21. 

Figure 23 is a cross-sectional view illustrating the manufacturing process after the step 
shown in Figure 22. 

Figure 24 is a cross-sectional view illustrating the state after flashing is performed with 
respect to the polished semiconductor device. 

Figure 25 is a diagram illustrating an example of the monitored current value during the 
composite electrolytic polishing process. 

Figure 26 is a diagram illustrating a embodiment variant of the polishing device disclosed 
in the present invention. 

Figure 27 is a diagram illustrating yet another embodiment variant of the polishing device 
disclosed in the present invention. 

Figure 28 is a schematic diagram illustrating another embodiment of the polishing device 
disclosed in the present invention. 

Figure 29 is a diagram explaining the composite electrolytic polishing operation carried 
out by the polishing device shown in Figure 28. 

Figure 30 is a diagram illustrating another example of the electrode configuration of the 
polishing pad. 
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Figure 31 is a diagram illustrating yet another example of the electrode configuration of 
the polishing pad. 

Figure 32 is a cross-sectional view illustrating the waring forming process carried out 
using the dual damascene method. 

Figure 33 is a cross-sectional view illustrating the wiring forming process carried out 
after the step shown in Figure 32. 

Figure 34 is a cross-sectional view illustrating the wiring forming process carried out 
after the step shown in Figure 33. 

Figure 35 is a cross-sectional view illustrating the wiring forming process carried out 
after the step shown in Figure 34. 

Figure 36 is a cross-sectional view illustrating the wiring forming process carried out 
after the step shown in Figure 35. 

Figure 37 is a cross-sectional view illustrating the wiring forming process carried out 
after the step shown in Figure 36. 

Figure 38 is a cross-sectional view explaining dishing of a metal film during polishing 
processing carried out with the CMP method. 

Figure 39 is a cross-sectional view explaining erosion of a metal film during polishing 
processing carried out with the CMP method. 

Figure 40 is a cross-sectional view explaining recess formation on a metal film during 
polishing processing carried out with the CMP method. 

Figure 41 [text missing in the original] occurring on a metal film during polishing 
processing carried out with the CMP method. 

Brief description of the reference numbers 

I Polishing device 

I I Processing head part 

6 1 Electrolytic power supply 

55 Controller 

55, 71 Slurry supply devices 

8 1 Electrolyte supply device 
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Figure 1 

Key: 5 1 Main axis driver 

52 Z-axis driver 

53 Table driver 

54 X-axis driver 

55 Controller 

56 Control panel 

6 1 Electrolytic power supply 

7 1 Slurry supply device 

8 1 Electrolyte supply device 




Figure 3 



45 




Figure 6 



46 




Figure 8 



PR1 



1 ^^Bt*>ft*fifc [— 



PR2 



X 



3 
i 




Figure 9 



Key: PR1 Form grooves and contact holes on insulating film 
PR2 Form barrier film 

PR3 Bury metal in the grooves and contact holes 



DDI 


Form passive film on the metal surface 


PRD 


Selectively remove projections of the passive film by means of mechanical 




polishing 


DD £ 


ociccti\ci\ eiuLc mcia.1 projection^ 


DD 7 

r K / 


composite eiecLioiyiiL poiisning or me meiai 


PR8 


Expose barrier film 


PR9 


Remove barrier film 


PR10 


Expose insulating film 


PR11 


Complete formation of wiring 


PR12 


Rinsing 




Figure 13 




Figure 20 



51 



61 




110 




Figure 24 



52 




Key: A Current (A) 
B Time 



Figure 25 



401 

r it 



402 



7+ 

403 



+ - 



Figure 26 



501 



w 



H 




13 



77 



503 



Figure 27 



208 




Figure 30 



Figure 3 1 




.302 



Figure 32 



304 




30? 
301 



Figure 33 



>305 

'""'*. — 301 



Figure 34 



305 
302 
301 



Figure 35 



Fisure 36 



-30* 
309 
301 



Fieure 37 



1 00 jt m. 

305 



U j 



302 
-301 



Figure 38 

3000 prm 




Figure 39 



3oe 



-305 
-302 



'301 



Figure 40 



308 



Figure 41 



